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(54) PEN INPUT DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an input display 
device which has a highly accurate detection coordinate 
(high space resolution) and a light, thin, short and high 
time resolution by detecting a moved variable of a pen 
having an optical sensor when it moves on the display 
device based on space optical characteristics difference 
of the display device. 

SOLUTION: The moved variables of a pen input device 1 
caused when it moves on a display device in an X 
direction (signal line direction) and a Y direction (Cs line 
direction) can be detected based on the space optical 
characteristic difference between the transmittance 
characteristic of a black matrix and that of each colored 
layer. Furthermore, an optical sensor of the device 1 
easily receives the influence of the space optical 
characteristic difference of one of both directions of the 
display device since the receiving surface of the optical 
sensor has different lengths between the X and Y 
directions on the display device. Thus, it is possible to 

detect with higher accuracy whether the device 1 moved in the X or Y direction. 
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mm* > A^ggi-s* it -a * > £tis *. , 
iris^v^, fiKS^Sfi±t?©ti Lfc^as^, ate 

ft t * SlftE^ > A*-ft=M**gS„ 
[81*512] *>A*8«t«iiM£g£f|jtfc'«:>A 

ffrE'Otf, WE^*gS±-C*^lfiLfc^iiia;^, fffE 
pfc3lj®^M!c J:oTMt§ *?I*&te#S £ JW» L T 

mm*y a Jimmzn* it h sis 

UilaE'Otf, fFiB«^g±-C?^iliLfc^liiSS, ME 

J: o r^aj-r^sifi^iii^ia:* n«i lt z t £ ® 
^t-tmm*>K^-wm.^mm.. 
[1**^4] m®At}!&mzm-t%<<>tf. mm** 

mmw^ s^jms lx s z t t 1 § m *^ 1 
a-ftii^sgKi&^T, 

> A S^glcJSIt 5 * jfe-b k. , 

fliJIBjte-b >*-<D»3feH©*IBa*«gl=»t 5§i£ * 

««rr««*tm¥R$A« lti^ e t 

[»*J« 6 ] UtrE&ttftftttWSfc J: y Sltli £4ifcl5fr 
E!£»ft*&, «rE^>«)IJIBa*«|g±-e<D»iiiSg 

St, 

flirffi-<>(OfrE«^g±T-ro^ii'<^ i-;u£mtJ-f 5 
HM£te#St, 

mm^mmm.tmm^m^m<Dmttmmmm*^ h;u 
tiiEBB** h^rogfcicfct^TWE^vffifts 

ftSE* 4»jE#Kfc * JMI LT 1*5 C t *i»fttt*R 
*S1~3 Slfflrt 1 «tEJKffl^>A*—f*aSE*g 

go 

mm*>t. 

mmmmm&±x-o)mm&m * >©&g * act * ymm 



iira«ffi^>cDfjE**&g±T?©£»'<£ hus&hj 
t**? hjfcfttb^st, 

fltESB** hJUOKfttttttf- h*ft<bfttU? 
St, 

frE^aisetirE^aasro^fttmffi^ii!^^ hju 

ffijE-fSftiE^S^WKU CCDfflE^SI*. 

;i-A<SE'ibt««rE'OffiaifiiK6-r5¥Bt, 
st, 

MftfftaftEfin*? h ;u t MBfrt -5 Eirrot&E^ii* 
* hJU«cp| c-eft^iMliBettiomB^vjStltiNHi 

l^FSt, 

ii] Nttottc^n tmmt % aa»a>ite&na & 
y l < \m\mnitimmm<»mm*ym 

[H*«8] ««±lciBg**t*«l»<D«*«fc«j:u: 
y-hH33J:tfC8|«t, 

*<t< t*»E-o«DflHHftt«rE— 3©^- h^lcx 
-fS«it, 

WEBxmaicMi^-r^Mfiiva^iijLfettAjMEt. 
mmwwm tmrnnfammt <Dmzmw.$ti&%mm 
«t, 

«TEg#l8l=*^«*E*ffi|ft-r««*«!B«l*at , 

WE*- nicy- h««E*tt*r*y- h»i 

St, 

mec s^tc s^mii$p*&t-5c ssaggii^st, 
KrBMMmi=MMiwiEt«iM-«ttn«anHi 

St, 

WEg#*&tfrEffl#»ffi»#aiHi=Kg*;h,fcft*ti 

WEy- HiKB*- h«E»#SMI=Eg**l.fcy 
-h^x-f-v^t, 

MECs^ltfrECs ^ffiSi^SM tlBg $ ;h, fc c 8 m 
x^-y^t, 

mmiifom®tmm*iftwmf&wi*mMizmmziitz*i 
isi ^ffix -r t» 9- % 5 s*gg t , 

fitTEM^Jifc^yilEy- h^*5 cfct^MEC s^fc^tf 
WEH**fflfc«»: WE^filSai t l^mjS-&^ 5^tiJ * 

>t, 

«E«««teJ:t««By- hSIfcitMEC b 

< t*-o«BttLfc»t«EttHl'<>lc4CS*Hl« 
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mmm^imwsLxmm^ymu^mt^m. mm 

X-f -j^t. 

mm?- mzmm Lxmm*->&%i$&mt&&. m 
mmtmis&tfmmc s m ts^ummn^mmo 7 

MSBcsgtfffiwuTirE'Offiaitftffl-rsiR. use 

ft<tt-3*7D-f^ >^=KS6lc-r^fFE<S^Si7. 

hSSx-f -^fcJctfflEttlSlSS 

So 

[0001] 
[0002] 

IV f-rol*ig£AALEtILSt*-r3=£S (IW 
(DiSttflUb, ffit&Mb. fiSHX*jifc«<3ft<a$fc.« 
«l=*-3fc. =ffl*5ft«SO«|i. Si*E£ < rosHKDffi 
««»A<aS5 • *ffl<b**it^S. *ro*-tf<>A:*)« 
•*««Lfc^>A*«*SMU*. ±E<D^*$iifc-r 

[0 0 0 3] ^##X*^TO$3>tra-^*9-K 
(##Xi:SSH:"a-1 994Vol. 4 9 

No. 12, a&BP*!-?^-;/ h/^ux-fx^w • 

93. BgBPttMATER I ALS&TECHNOL 
OGY93. 8) 7b<S>l>tfUI Ltz^ 

AA^^S : 3i£Hf a— 1 9 9 4 V o 

I. 4 9No. 12, 0lBPtt777h'^Jl-f^X 
■?l><{ '93, BSB PttM A TER I ALS&.TEC 
HNOLOGY9 3. 8) hffljffl 
Lfc-^AA^Sgg (♦#** : S2Hfi-1 9 9 
4 Vol. 49No. 12, BgBPt777h/U* 
■T-fX^U-f '93. BiBPitMATER I ALS& 
TECHNOLOGY93. 8) £i**<&y, -tffl^fl) 

'<>A*8S81i LT«*«##X«! (#gfl¥4-2 

8 38 1 9, !|lf4-299 7 27, ^ggjp 5 -1 2 
7 8 2 3. ^mW- 5-1 58880, #ri¥4- 343 



3 8 7, i$ffl¥.5-1 89 1 26, !(#BB¥5-1 974 
8 7, #§8886 2-9 2 02 1 . ^BflBS6 3-2 9 3 6 
2 3, Bg3>t°i-5 '9 3/6, ffifS&ffl^iiS; 

Ki 988 vol. 29No. 3 rzm&wxtt&m 
[0004] jfi^onwMbtt^roaatfltt^vA** 

>A7lS*^atl*«J: U jEflnf* < < A A 

[0 0 0 5] jfi^-CI±S*SSt'<>A*SS 
C-$i:?U-7h) tfH*l=ftofc*>AAa*»«*<if3K 
£*l CtlMffl 54-24538, ^¥6 - 2 9 5 2 1 
9, #i¥6-3 14 16 5, #gfl¥4-3 3 78 2 

4) , **ssao***A*suaacta:<i>Aa3W 
ft *. s c t ^ & * >A7j7jaco±aE <t * y & § 1 1 
tic, ckys; B a n e:'Ec^*sftafc46c;*Lf,(Da*gat 
lt h7Vv7s9-wt- vuEoy? 1 ?* ztm* 

[0006] 

l «fe => t tzmmy ttsomurafti* 

M®(o^&m^mmLxi^tzib. m^mmizma 
rawuM:**.*** (tft-lcd©^i=^-k 
it t vmmm i ^*sw©ft*Hi<b«> t *> e* 

[0007] !S«t«*sCI*1«««||©««<b&u:fiax 

MbiciiJfrfij-c-fc^, '<>flia[©sim»a*<* y a < 

[0 0 0 8] £fc, m«8SI*7i3£l*S«g«:'<>AAI= 
iSltftlt^.«^bf e @»S'JMb3fi<fc-r^L<, *fc, 7s 

ns©s^nc$«tsiff«fiis (4o^r>^ja±) i= 

[0 0 0 9] £fc, B»lffl*8*&a$tt-7fc/*>AA 
«*B«-ei*ttfll#j6ftx>A A *ff 7 c &¥m*i 
•¥>/<>A A £ fir 7 A*® A<$t£ &(,V«t y l>fcfelc± 
i:SfiSAAA<*yK*lc9ltiSfc«>, SJRSatfftoT 

±*>frti$t>Ll\m®ktj;?XL-£5 l , ^4l&t*iiE-r 
Sfitlf t LT«S.tt##Si? (t#flB¥6-2 9 5 2 1 
9. SW5-27408 1) VmH'<W<yft%& 
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mx\t+ftXlttii\ 

[0010] sfc. <<yxtim^ms.-cim-m±X'fs! 

H*«-3l+TL*t>«HV-h*«*i:ft<St!lL36E< 
■CI*£&-fHH*<385. 11^X^300/1)11X30 
0 U mJUT 150f(mxl50// mJilT) Icfc.*, 

vi*iMHit=MttretJif =£#Hi*ttivfetMi 

AH^5&^fro3£J|il^:9^jA:frB$lcl£d; y 3E»a«3E 

[0011] $tr>x*mM®gmt. xwmo&ftmm. 

-^fc&*:/A*-ttI!£SMSai::*tL-t\ Slffg&tfc 

aim tiif»fi/h&t;i»mia»»*ii$ 

[ooi 2] *fc*$8HJJ©iMI*, ^>A*a*SS© 
J: y iE5|-e LA^t»^Wt?^-of li*^*«*AA 

[0013] St*»M©BWI*, Xi=3t 

[00 14] 

I*. fII3^>A*Sat]|$lt*^>A<3fc-lr>+»— 

*««*<*■*- sam*** ititic «t oT^th-r s c t # 
[0015] *»ni=ftt>%<oAAiiK^*«imfi 

«*fc» 2 flfffi'OAA 
t-TSo lit, 'OA*igai-M(t-5'<>#, asg 

[0016] ^Ejic^S'OA^gat^gas 
<ix.fcm3ro^^AA-«:ag*^ai*, friE'OA* 



■c 'OAasaid&itS'Otf, &*sai=iaa*tL 

[0017] #SP£©±§3Sn7bSlg3©^>A:ft-H* 

^u^hs. a^gaoaxttWzRit s 
s^satis^tBffla'^u^ h$p-sicppjiT?#s 
©r% *>AftHfc&Xq&B0ttft*ait&tf«Hft 

<bRr*6T?*y, aatsaA^sa-fv^Jsiiro^iiB-efc^i 

li**Bif, ^>A*lc^S,k-rSSi5n a n MiSt!!im*Wt 

[0 0 18]Mlli^gfA<Mftl2. 1-fV^X 
G AXMMif V^ftZ 1 Otfm* 7 0//m©t©-W g 

ffigm&tin 4 o -f >*-ens§ 6 30^*2 

1 0/imro*OT£i*[c:6$!|-t-fey. «sj*gBi LTIiSI 

r-fes w^i o-f >^Ki±ti*cfcy^?Eiir% ^20 
[0019] *fc H S*&a±©^ >©&!&*$. 

lcSSL>r. 1 0#©1 KIT©?** 

*sswi***!i-c*y. *fc. so h/ina±©a* 

l*#?RI=*S!lt?fc-5. 

[0020] gjfc, **SB±©'<>©x*iRi©^Sil: 

[0021] Sfc, ^>A<#1-53teH2V9— ©ft3feH*< 
S*^a±© X Jfrffl t Y *|r| t -tr lift o fcg $ T* § fc 
45, 3fe-tr>-9— A<*«ga©if*,&AN-A|Si©Sr B m^ 
^£©»«£g(t-£-f <&&©-<:, ^>36<XS|p!IC^ 
»Lfc©^Y*Bll=^i|)Lfsfflj6^yjE«IZfeffl-rSC 

[0022] St, ^>A<fS^s±i=iaa**tfsffi« 
«^a©cs«&tfa#»*iB3>sa»!E»-rsBi 
i=nai«ffii=*i:*38#±if«Ef=j:***sia©»s 
mtzmmLTtittiitzmv* *^nai=isitSTH' 

<, H*SatJS«^ffiffl$^U-y h$|Bl-SirBliE-e 
tS©T-. ^>A*-«:SS^a©«*»afl:A«Wfil 
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[0023] *f- v &m Lfcaasssa-r a c t a^a 

fcfcft, 8*!gB©i££as©&ai$tt©fcft$g£ Lfc 
&ttiaa$iB& u j: y ntta&SMfcdifit TO-?* 

[0024] *fc s a«sis©iF**fiisiciBiia?^fc 

!f«E£3£±<*-l±3©-C<, BUttliHtCDSWak^Offi 
#aaEa#&W=«fcoT£i;§a^aa©Saafl;© 
a»£ffilffc^©T?J:y»«Sfca»aa*<WaT?fe 

[0 0 2 5] *fc, Cs*ggCs»e»#SA^6Wyi8 

tfs £Cf=a*±if«E*<cs«aM¥a©a*£ai* 
[0026] .tor. BUS. lUMB-vmn^ll 

[0 0 2 7] Ml=, *flWI=«t>*'<>A*$iata« 
«B*aifc»Eai »Sa3©*i/A;b-*aa** 
S©IIJlB'<>A*gaici$(tS/<>li % |»E»-b>*- 

3fe-b>-9— ©g36ii©sssai=»-rs«s$*iiai-rs 
[0028] tit, *«Bjic{6t>5<<>A*gata* 

^>A*«ai=Ml+S'<>j!i<3fe-bVt»— MESfe 

•b ©S3feB©frEa«itai=s*-r &a * saa-r 
**#aa*R**a lt z t smut-t*. 
[0029] g=fc, *mMizmt>%'<>Atim®.tm7ji 
mnzmntzmmm 1 75sm 3 ©^>a*-#;s$*^ 

»a*&. tftffi'«>©ifflBafts6a±u©»»aa£& 
BB-r«'<^i;-K*iB¥»t. aE«tt&a©*<t£ 

at!3»aa&ae3naa©*<bJ:aB 

ftitt-f aE*:/©«naa£sna 
[0030] ai=*aw=at>s/<>A*«*sai*. 

^^Bi:. ttdi'Oi, «FES*^S±T*©t(jE^aj 

^>©aa**r 'oaaeatB-r &*:?uy ht, a 



E&ii5^ >©ME^gS±T'©i;S!l&J£ £&SB -S ^ 

>xe-Kam^at. aE»naa©aib£&tii?-& 

"Oxtf-KfcfcttlWRfc, tirE«ltii'<>©ffrES* 
i£g±T?©;&Il'<2 HU^SSiBf-S'*? h.(U&tB#R 
t. aEaiK* hJU©3EftS^tt!-t h;H£fc& 

m^mts aEaaaataEaaaaroafctaEa 
»/<^ h^tfjE^si^f hiu©afti=*it-r^TaE 

I*, ffifE^iSS®j!)«JiJin Lfclct frfrfrb-rfflE©!!* 
* h^A { lElb-r^frE'<>M^Si«1- *¥Kt. MB 

^«aa©aeanaaatfaEan^^ nutmmik 
©aEaaasatfaEaa** Hu^tta-ts^R 
aaaffiaEaa*? t-)\,twm-t&w.momm® 

Lt£^WLt. »jf»a©aE»»aa*^ij»fsaa© 

a©«E'«>a«*MaLaci^a*aaLT^«ct 
&watf s. 

[0031] 8?Ete¥Ki±, aaas^ainLfctt 

MB-rsaaoanasatfan*? h*&MNt&©» 
aaa&tfaa** hu£H:«u »jaa©a»'«$ k 
frtm®? sBaroaa** hu^h c^*, u < i*»jb 
a©anaa«tmi»t-«aa©anaaj: y *ai^t 
l < ttsis* l it*itfijB&©^ vasea* u& ^© 

[0 0 3 2] EI=*»«|=«:bSX:/AAa*««B:, 
ira±l=BB£fe««ftaa-9«&J:t;y- hi&lifccfctf 

csat* i>ft<tt«rE— 3©a-t»fcaE-o©y 
- hai-x-r v^a**^Lra«$*i«Ha«ffii: * 
i^wiiii, aEaa*ai=aa-4-«aiRi*a 
£a*.fe*a*tt£. ttEaaaa&ttBaaaa^© 
mi=ea*:ii«%BHa£« aEa#«ta»««E* 
fita*s«#aB»#afc, aay-haizy-Haa 

E*«a^-«y-h«W|*»4:, lfrECs»cCs^ 
*E* ftaffi C s Jiaifi^Si: , BtTE^lSimflilr^ifii 

aacE«aat-«aa«aan¥R£:. asa^at 
»Ea#aaM#aiyii=Ea**ifca#«x-f -y^t, 
wav- mtmu?- haa»#aiyii:Ea$jfifcy 
-h^x^-y^t. aEcs^tstrEcsjaigii^Kia 

l=EB*tifcCsax-f t»^t. ^EMlniaaiME^ 

iRiiaffi»^aaj=Ea**ifc»fii«ffix-f <>^^*-r 
^s*gat, aEaaaa^tfaEy-htt&^tfa 
e c s j: xtmmwmw&tn & xmnm^nm t as 
aartaiU'Ofc. aaa#aaj:aeaey-haa 

cfcUtfflEC s a©'>!& < i: t— D*E» Lfcfglc|?E^ 

U'<>i=ai:*atB«Ei=ar5txTaEttffl'<>©aE 
aaaa±7*©aa$$-r'<>aa$tttt-r«ma9a 
s*-r-5^>A***sairjs^r. gtrEfg-^ia^fssi 
LTaE'oaasttm-rfta. aEy-haa*tfa 
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ffiCs«fccfe^«rlB»iRi«ffia)5 , 6*ft< tb—o%y 

EC8«X-f^^fcJ:tf«rJB»ra«Sx-f -y^ir, «rE 

t *-o*:7B— r-r >*ttttlc*SBE«*«x-f * 
ffe*tfiEc s«x-f y *fc*ifl»E»R»Bx-f v 
ttBCa««B||LTttE^>mi«ttlil < r« 

is. ifE^»fecfci;wEy«h»fc«fet;ffirE*rfRisa 
a) 7 < t Dt ^ o-ir-f >y«tticr««rE 

«*lftx< H»x-f y*fecfctf»E 

[0 0 3 3] ««R$BnLr^>a*$ttU'r«piy 

fccfctf»ffi«a©3*'>&< tt»o$7D-f^vy 

»«o>Hii lt i^s*«a t j: y 

$££A<T*#£ 0 tot, H*^WT?3SvO-rtf1f>L^ 

ffi*KL C 3 »*<«ffl < ft o T*:E«ft*## 

[0034] 

[&B<D&ffia>&ffi] BIT, ;MMI=Bfc«Jtft0ffB 
*BB*#BL?IWM-«. 
[0 0 3 5] Hll±«l*16«lc«t>-5K>AA*«ai 

BtoafiB^LfcttD-efcy, 1 0TsamiBEvoN, vof 

R , DX , DY , VYSTOP £Hi*n^>A^f/WX 

[0 0 3 6] 8I*«*« (S1~Sn) , tf- Ml (G 
1-Gm) , CsS (C1-C I) % Cstl, ?-h 
«T5»JIBS*i«-»*l«E*Cs*l:ai(:iI*ai* (■* 

#-f) i=»*at?TFTftifc*rt4*tfcru-fa6«-c 
& y , (*?tt«aft¥*i»ttt c - 1 1 v o 

I J76-C-II No5 pp. 177-183 
Ta-S i TFT/LCD©ttBBflj «Stt&« H 
gBPfl 777h^fa^U^f 1 994-1 9 
95, SgBPtt, 0l^^OfnVX1991*4 

1 994$7^f) ru-rat 

S8lc#^LT»ft*a3S« iE$£tiTfc 

y, #n*a^7u^tta8onica»A cia^-r) 

&0>##Xi»4:Lr (BiBPtt:77 5/M^ 
X?U-f 1 9 94-1 9 95. BlSBPtt: B«T* £ 
Df/WX1 9 9 1 *MJ?#~1 994^7^f) tffo 



[0 0 3 7] 2i£S&I&mEVDD, VCG, MWft#CP 
H, SHT, fv^^VD, S^mEVR^g 
ft* B-^lzi|4HIBEt*#2tfr«#MBM«-eft 

y . ## Aitt (H. Okada, et a I. , SID 
93 Digest, pp. 1 1 - p p. 14, T. F 
uruhashi.et a I. , S I D94 Dig 

est, P p. 3 5 9-pp. 3 6z y M&mm®®& 

WMW rm^LCD K^-f/*— 3>hn— 9LS i i 9 

9 2-1 99 5J ) fc£#fc« 0 
[0038] SttHMBEVON. VQFF , C P 

V, STV, VYSTOP y-mrc^-hBE* 

»#at?y-H»B»»-Cfcy, (K. Hyu 

g a j i , e t a I. , SID91 Digest, 

pp. 543-pp. 546, M^mmmmmmxm 

fSSLCD K^-f/\— hP-7 LS 119 9 2- 
1 99 5J ) ftt^feS. 

[0 0 3 9] 9f*BIMBEV0M. VOFF , MMH»CP 
V, STV, VYSTOP, VPSR CsilCCsf 

[0 0 4 0] 4I*K»«EV(»U $OT*g-§* VYSTOP , V 
XSTOP, CPV«Slttt«Blzfi4B«E$*#&bX 

[0041] 7 [*S*SimEVDD, MfVB^VPSR , I C 
PH, ?{7**y-X7-*SVD. ^Z/AfclcHfrS 
ffia*T— *DX r DY CPV, STV, CP 

H, STH, VDfB*tS=l>hP-;i/«-Tffc5o 3 
>hn-JI/»7l**>AAT'WX1fr&, "OASt 

/wx<dbb£»?bb?-*dx , dy a# 

X-caiiJLfcB**7U-f»«8lcB*tt3(£«tt. 7 : ~ 
**ra£Lfc&, Ufttt*$«-MBttA2&tfy-h 
IMUkttSlCili*. 
[0042] SW1^nltMHi|iniBl2 0t« 

[0 0 4 3] CZT*TU-fS^80S^*|Rl^X^r|pl 

(Hi r=***fct^*«rz*r*w*x u P , fcfrfRj^x 

downW) , ±T*rp)$Y^lBl (B1I=3F**IT 
M«t±*«Yup, TS-fRlSYd owni«) 

[0 0 4 4] B2tt^>AAB9MI(0HB«#LTft 
y, 1 tt^>A*T/\Vx$, 1 0(^gt$s 11 
l£/*'v£5-f h£, 1 2l*BB=i-Kt»LT^«. ft 
fc\ *S61tfiiJ-ci*. 1 ooa^gBt Lt7*f^?7 
K'J^^XS?S^^St\t>J*^TFT-LCD (# 

90-1 995, BlBPtt, 0g7<^Of/^X1 
99 1$4^§-1 994*7flf) ££E Lfco 
[0 0 4 5] ^>A*-r/WX1(DKBH*B3lC* 
"To H3|CfclNT, 1 3i*^MA, 1 4fc£JgB, 1 5 
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1 5i=*A<jDt)*c:fciZcky*KA 13£&JSb i 
4jW*DM-*. -0*1 5i±i et&tf^x. 1 7 

■e«l«4#tr6y. #7x1*1 7 i=umii*4<M>« 
ctsu&ihurfey. 7th^t~K7Ki7i^ 

VfttAoT<*3fe*1t««'9l=*»Lrfey. 

tt*a-Kl 2|:ltHlWLfcRltE CVO 
N, VOFF . VDD) . (STV, CPV. SS 

TH, CCPH) . ta*g# (VPSR . DX % DY , V 
YSTOP ) fflotl^o 
[0 0 4 6] #SStS«-ef*. b?<i*-FTL"( 1 
7«otIillBtflofc^ «HL 17jf<X^ 

r-f X^y — hX(±7U-f«(D7^ h h5>5>X*— ft 
[0 0 4 7] 1 4 fj:K>A*f/\V i 

Lfc4>an?fey, 2 3©:7y H*^$^-f h 

*»««fiittft36««)fc». ftftHarartfttiK 
ft*> , /t**9-f hi 1 frt>mM$titcmt2 6<r>m 
»i/7n'ss8ey, 2 4©aaii[zBi»i$*L 

*»oT, 7* h^-f^-Krb-f 1 7lc85fe**i*o 
[0 0 4 8] H5l*MlS]«2 5<D«3g$^Ufct0 
T% AttBf®H$. Btt±BBt*LT^«. ftjb\ 2 
8i^7XS, 2 9l*«&jf (^7^^7h'J7^ 
X) £■„ 3 01*^ (R) , ft- (B) % & (G) 

2 Lrt^ft. ftI$«2 5<D##;fcj8K£ 
LTI* (BgBPtt r77^h/^f^X^L/-f9 1 
-9 5 J ) fttfj&tfcS. 

[0 0 4 9] *fc, XB*lltlU3MMJ:iM/'C4J: 
[0050] melt?* h¥<i*-*TV<< 1 70«it 

A&3fc®, B&%W. Cg#®, DftftW* E&Sfc®, 
3r— *-t*t-?*tO)^|H (Ak-Aa-Fk-Fa) 0 

«*i*;^f-ic*SiLruji-r*. ate. »^o>ktt 



[005 1] 07. m8\t7* Wj-t—FTUJ 1 7 
CD*0«a^LTtey, *fcSI*IC *tfp3Sfe2 50 

3 o *jS«re»ta c *t 6 0>*M Xtecfc tf#iS*ffl 

[0 0 5 2] MQttyt h?<(*-FT\s<( -\ 7(DW 
EB*^Lfc*(D^fcy % DFA~DFFf*^*l-£tig&@ 

[00531 11 0tt^^A*T/WXO«|ja*^LT 
fey. 3 4(±ffi!j«Ej&tV0N l VOFF, g^g 
Si 0^bO3fex^;u^-$vA ~VF 

#S8W&3 4lCA#?-«%x*JMr-- (J: y jEJlttt. 
*«#**»I=te»t*#7* h^-f KO>»*lllcA 

f cue i:fc3fefi^^s*iis5 (h*hh\ la&cuMi 

DM) ^6*fitS*u«. 
[0 0 5 4] 3 5l*^>A*a^»«A^>A**«-e 
fc*^5AN*2|HIK-r«^>5>x^Ay-fe-y hSjJTrfo 

y. vpsr =h i g h u*)imz'<yAti&m%, vps 

-OvXxAU-fe^ hSP3 5i:*^t^>A*«#W 

[0055] 3 6f*?o«^B^t?fcy s mmmmv 

ON, VOF, VDD. MM48TV, CPV. VPSR , 
VB*»H\ fej^^ffi-T-^ DX03 ~DXOO (X* 
m % DY03 -DYOO (Y*« ^da^"T^o ftfe. *0 
Jffl«x-*£:f*VPSR ^Lowb^bH ighU 
*JW=SfcLfci#0, «$S1t1 0±tf)'<>$fcl 50) 

®m(Dfc^4B i tf-J-CW, «A«VGA<D* 
^»«T?fc*t(*Y*|pI9B i t % X*fi|1 OB f tOtO 

[0056] 3 7li«fl5SSJRl 0±T?(D^>jfel 5<D» 

Hftttuftrasttua-efeu. sgssmEvoN, v 

OFF f VDD, MfMi*VP8R . V A-V F*«lt»»« 
^-^0X13 -DX10 . DY13 -DY10 SfcB^-T^e ft 

fcay^feSo 

[0 0 5 7] 3 8l*XBS«ttffl«aST?fcy, 3 6^^»1: 
^l±igU3 7T?^^^fc"T-$^^XSfSlCD^f f ~^ 

(XJE»t-*) DX3-DX0*ffi^j-r^ o 

[0 0 5 8] 3 9f4Yffi«ttU3«B-eifcy, 3 6 j:1Mkl: 
^tiiaJ3 7^#&*lfcf f — ^A^Y^fiOffiSS^— * 

(ywhf— so DY3-DYosm*-r^o ft*>\ ftaix 
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[0059] n i fa^vs/xxAu-fey bmom&t 

m*&1&%7ikLtzi,<DT-teZ> 0 11 1 (a) fey*>*>X 
fAUi?7 hSPCDfllRfeT'fcy. tlA 1 3, flB 1 
4. 4 0tf)j£#u VDD£ES&SE£:1-£4 1 CO-T 

* — frb&& 0 i1 1 (b) fcMfbft&VPSR 0fctS^Jie 
r*%7ftLtzb&T*. *lA13i*lB14^giU 
l^SStVPSR = VDD. iiA 1 3 £&$|B 1 4 
BfVPSR =GNDi«o 

[0 0 6 0] Hi 2f^^^»3 4lcfclt^^# 

^&S#S]&4 ecom^jS-^Lfct^^fc^o 4 21* 

4 3tt3>f>t-S, 4 4l*7|-^T>^^. 
4 Sf^SSi^^tl^tl^Lri^o 4 6f£, ^b^-f 

kdfacd a gptffiic Ait t,fc&^£ v a t in a m 

(DFA-DFF) Sl^4 eiCTFLfr^Oi:^-^ 

o>^(i^ms*iaj^&y, ^^vA-vF^m 

[00 6 1] 01 31*7* hy-f*- KO^tttt 
^^*lHl^g8ilSiKLfct0-C% H1 3 (a) *<7 

* h^^-KO-M^tt^. 113 (b) #*<D4£ 

#!l]&4 60ijft£^LTl%6 (##»:^7*h 
#J ) o ^^T>^4 4iC[*b-;i/h^U-^tta)t 

0tf&<, voff ^-effi*T^-stco^aiN 0 

[0 0 6 2] 1 13 (a) ^^BJf,^/ei:1tfC7* b^V 

2!c^*<i-§-^s*ib3^4 Gtomm^wbfrtm 

4<D/v!-^;^>a-~ b^lic&fc&^T >^4 401 
fiAMWOvt'fey, ^0ffi#^Ef*&tt4 5<Djg 
tftf!£R4 4<>;U 7*\*V4t-V\z^ft%mi%:l 
Di:tSt-R44* ID [ v ] i:^:^ 0 tot, 11 
3 (b) IC^$^^#14^||b^^o 
[0 0 6 3] 11 4f*. ^SlS^ffiSiJ3 7 0»lS^^L 
TLN^o ^S)S«lfcli«J3 7I*. Y*[Sl^S6*^mfil54 7 
(fcX*fSl^Slfi^aiSP4 8^b*y. Y#ftif£Ki£&ffl 
SfS4 7l*||^fi1 0±(7)^>5fe1 SCOY^^ffiifi^ 
VA, VB, VC, VPSR frk&fcBL. DY13 -DY10 
/<5U;H1* (CCD^JT*l*4e^b<tLTLN>S*<, fc£ y 

[0064] 4 8liiigt1O±^>*150Xj' 
l«)*£S!j«£VD, VE, VF, VPSR fr£>&£U DX1 
3 -DX10 /^UJHi* (Z®mXl£4t£v htLXl^ 



yt?fc^) icuai^t^ <<>$tei 

b« 3 i % (DY13 , DY12 , DY11, DY 

10 ) = (0, 0, 1, 1) #H»***u *>*1 5*< 
ft#*89*»»»1-*fc, (DX13 , DX12 . DX11 , 
DX10 ) « (0, 0, 1, 1) 

T'lS, R, G, B<Dft»ftJB-C1O0)RGBlUl*»St 

■t&fctofcfcifctfO, 0, 1. o 
[0065] TFT-LCDtlill 15|Z^ 

Ufc«-»ft)BSl Kvhfc*tf, attLfcRGBftl K 

v bit 3 bX 1 HiRt-rs^ *§£J£#ra* 1 Kv 
l^tlWiiftf, 1I**RGBWW* 8 
[0 0 6 6] 11 5ttY^linJitttt«4 7 0«|jft« 

^LTfcy. Y*W»»l;ttU»4 7ttL/K;i,S/3rh» 

4 9. vUt;HI#^SU5 0. /<5u;m#ss±»5 

1frb&£ 0 4 9|*VA, VB, VCS^tN^tNU^ 
;U<D¥v£;Uir---£ VAO. VBO, VCOfcSlftU y'J7 
;u«*36*»5Ol*VA0. VBO. VCO^SttYu p*fi| 
©SMJtSS-rVYu pftfl-t. Yd own#ft0>&M 

own § 

DY11 , DY10$m*-T^o DY13 , DY12 . DY 

n . dyio \mm&7jkxmztixi\& 0 
[0067] xjjfa®mm&m®4 8tomf&*Yi5fa® 
watmmto4 7 bmrn-tAi «§u va, vb, v 

C. VAO, VBO. VCO. VYup. VYdown, DY1 
3 , DY12 , DY11 , DY10 «-f*l-f*iVD, VE, V 
F. VDO, VEO. VFO, VXu Ps VXdown. DX1 
3 , DX12 , DX11 % DX10 • 
[0 0 6 8] 11 6l*U^;Ui/7 hfP4 90«fi6$^L 

rfcy. 52. 53. 5 4[*n>/^u— #-efoy s 55 

l*BT«fefitTfVON, VOFF ^6VREF1*ftoTfe9. 5 
6, 5 7, 5 8(iNf -V^l/MOS h7>vX^-tfe 
y. 5 9, 6 0, 6 1tt«tST*fcU. 6 2l*^>/\'-^ 

[0 0 6 9] 11 7fZL/^i/7h»4 9 0)»ff«** 
to VA. VB, VCf*DFA. DFB, DFGIcAStt"^5fe 
x*;U*-IC«i:fcr^Dy*#75V0FF -GND0I 
"B^fcS. 5 2. 5 3, 5 4(03>^b-^-lt V 
A, VB. VC£VREF1£]fc$£LTVA, VB. VC> 
VREF1(O^VON$. VA, VB, V C< VREF10B#VOF 
F %&Jjt% 0 UfcA<oT. 11 7(DVA, VB. VC 
A<AA**vStBl 7[C^$tt^3>^U-^~5 2, 
53. 54CDffi^^btt. MOSh7>i?X$f-5 
6, 5 7, 5 8tfV-X7*uytLXM1¥LX^&0) 
T*1170VAO. VBO. VCO*<#b*U^o 

[0 0 7 0] XXfa&®m®&^4 8\znrt&\s<<)l,zs 
7h«|JtHl 6lc^-rL/^jUi/^h»4 9i:Htt«:aifit 
T'fc^ «1L. VA, VB, VC, VAO. VBO, VCO£ 
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**vWlVD* VE, VF, VDO. VEO. VFOff 
[007 1] HI 8I*Y*ft»»*ttiB«W=»ttS*>y 

r;i/«#»±»5 0(D«l«*^tra3y^ swoi. s 

WO 2f*6 60Dffi*ffl;#Q|C«fco-C*l]ffll$*l5X-f 
Tffcy Q = H i g h U^ilSWO 1 . SW02<ht+ 
Q=Lowl/^l/ftSW0 1 > SW02i:tt>t- 
fo&o 6 3. 6 4(iSST% 6 5&ORll&&T?fcy. 6 
6I^U7-«#D7'J^7D^T^ 0 D 7 'J 
7?7PV?6 6©*ftflt LTl&T C74HC74A 

[0 0 7 2] 01 9ttX*|S|»l|Jittffi»lC**It«*>y 

Tji/«#«*«<D*fi8*«Lrfcy, swo3. swo 

41*1 9 3fl)tti*l«#QlC«l:oT»IJ»*il-&X-f 'y^-e 
fctjG=H i ghl/^I/0|SWO3, SW04<tt f 7t" 
7. Q=LowU^BSW03, SWOAttt^X 
fc£ 0 19 0, 19 1f*«ffiT? % 1 9 2!£OR[5]Sre& 

1 9 3l*^'j7 y -M#D^U^^7D^^T*fc 
£o 1 93<DSf*#J£LTf£TC74HC74AP&<!: 

[0073] 1 9 41^/^X3^01 il^Trfey. H2 

o-c***L««ft»ft*+*ii»Tefc«. XAMMUI: 
am»i=»it « y 7 jnnM6±»o«»jtetfii^ i* y 
»nsuttttiivi=ttft« > y 7 6 0 1 n 

**fe«BICtt/^UX3#©lElBl 9 4tf&£ 0 
[0 0 7 4] B2 0t/toX3»(D1|»1 9 4(D» 
/to3»OH8Sl 9 4l4A*fg#VXu 
P. VXdown^glt, fcBJjft^VX u p 3, V X d 
own3*tB*-r*llttt?fty. 30(DVXup/^X 

sizvxu p 3$i/^x@2 o0«ncttj*-r <§> m 

U VXu p/^UX^3^;UX|C3&:^frfZVX d own 
/<;UX3&«A*$ttfc*^, ^VXdown/^XM 
VXu p/^UX»fr&9l<) o *fc % 300VXd ow 
n/i/l/X&fCVX d own 3 £ 1 /^X0 2 0 tfMffCffi 
(ffiU VX d o wn/^UX#3/U/XIC&£Tia 
ICVX u p/^X#A*5ftfc»&* f(DVXu p/^jU 
X»^VXdown^Wb?l<) o flU 'U'X 
3^(7)1 E38&1 9 4|cS$^r. VXupdrVXdown 
<D/i)UX(J)i3^y b-ft&b LT, 3/U*X!c#-5fc y-fe 
'V h*#l/^X»<D*^> FI*OIZft**<Dt-rSo 
[ 0 0 7 5 ] H 2 1 I* > y 7^«#«±il»SB 5 0 CDSIl 
ffl^iLtWc t delay 1 l£0 RD!D$&6 5 CD 

2jQ#H i g hl/^U:fty % SW0 1, SW0 2tft 
37 U VYdown (X(*VYup) ^LowL/^JH: 

[0076] D7U yJjnyzree&tbXQtfH \ g 

h<D8#SW0 1. SW0 2fit7Ltl^(Dt*VYu 
p. VYdownl:ttfii6 3, 64£jILGND (Z 



(DllSLowl/^) rttfltt&StbS. VBOtfLowlCfc 
6i D 7 'J P v ^ 6 6*<> U 7-**l 

m : xciivmmkfiHm r/^e-KC2Mos 

TC74HCi/y-Xl 992J ) Qj&<L o wlcft y S 
WO 1 . SW0 2lit>n o *C:VAO. VCO<*f*»bfr 

HighWU, D7U ^^^P^^6 60ttS^3QtH 
i ghlZfeyttfttLTSWOl. SW0 2^t7t§ 
fctoVYup. VYdown^Lowl:ftS 0 
[0 0 7 7] B2 2liY^«nCttU«(Cft(t«/^ 
WHS*JB±«5 1 (D«rtS^LTfey, 6 7. 6 8 1* 

($Jx.lfT C 7 4 H C 1 6 1AP) t\ 6 
9. 7 0. 7 1 . 7 2i£^>/\*-£-T*2 2 0l£AND 
HJ&&T?. 7 3. 7 4. 7 5. 7 61*^^7^-018 (# 
CQtUKtt, ffiS3Hg/*£*-**, x-fi? 
• f>XTA01Sat) tr, ^JU7y-@85CDltfiEffJ^ 
^;i/y-H$E2 4ic^ > t 0 

[00781 124077 ttgMbfttt9fQi§IBT' 7 8 . 
7 9. 8 0[*NANDHSSt% 8 1 ttftflfraA* O Rd 

[0079] |22liVYdown0/^»f,VY 

[00 8 0] B2 5I4, B2 2(D/<^WI,ft##S£«J5 

VPSR &t/VXSTOP (»(3cifBiW) j&<H*H i g h U<< 

2 2 0CDU5*^L ow^K'Wf: 
A, *^^-6 7M6 80)lii^(iitLowl/^ 
-C?fo&o cfcoT. DY13 . DY12 . DY11 , DY10 (£V 
Y u pWVYd o wntf£(r)&5lZ$ZitL&5t : t>± 
X "Low" fc&S 0 

[008 1] #S6lft«TM4Z<D«U:* VPSR &tfVXSTO 
P *«H*H i g h U^UB#©*B«*£«ffi-f S (O* 

y, ^>A*«ttT!L^ttoJB**x--^3Wttais#tr 

*eit«HL&^*Brlctt***iTL*3) SR&CZ4: 

[0 0 8 2] VPSR &T/VXSTOP tm^H > g h U*/U 
Bfl£. *^>^-67M68^bfHf^VYupS 
tfVYdown <B/^X»fCl£ Cfc* 0 > hSfctfffi* £ 

ti> »$ffliNrf+S:$*LfcffiA<7;u7^-7 3. 7 

4. 7 5, 7 63^6111* (DY13 . DY12 , DY11 , D 
Y10 ) £ft$ 0 
[0 0 8 3] H2 3liX«l4»lkJitttU0lcKlt«/^ 

u;i/(i-i-»±«a)«ija$^LTfey, 231. 2321* 

il^^Z- (Ml^TC7 4HC 1 6 1 AP) X% 2 3 
3. 2 3 4. 2 3 5. 2 3 6f^>/\-^-t*2 3 Ott 
ANDElSS-e. 237. 238. 239. 2A0ity)U 
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T^-HUtt (##*«: CQ&|£*±. «flBJ!/*£* 

[0 0 8 4] B2 30X£ti»n*ttttiflHcfett«/<5 
IWMI**±» 14 V X u p 3 0 / t;UX»A> 6 V X d o w 
n 3 0/^xft«mt*fB^TW<MCBflM)«|*£:«: 

[008 5] H2 61401 OO)%}MmmfefoU3 6 0ffi 
ja*5tLTL>*. 4S0fflJ&«ttUffi3 6l4X£-|Ria)4SO)njl 

ra*ttu-r«YMMm*tiitt8 3-c«wt4*ir 

Me 

[0 0 8 6] H2 7fCY^|Sj«M^tfciSP8 3 0«^ 

[0087] 027084. 92, 85. 93f4=J>f r 
>*— "Cfcy % SW 1 2 > SW1 3I4VPSR t?M»*tL 
£X*f ^"CVPSR *<H i shorn*? s VPSR ^Lo 
w(D8|^>1?fe^ 0 8 6, 9 4l42V:t~KT:foy. 8 
7, 9 5(4^*^<T>^"e8 8, 9 6I4=1>^U— $T:8 
9, 9 7I4VGN, VOFF A^6**i-f*LVREF2. VREF3£ 

fts^rS6«tt^fcy, 9 0. 9 8ttp^*;pMosh 

7>i?X$-t?9 1 s 9 9l*N*V*;UMOS h^VS* 
X*-T% lOOIiORBR-e, 1 1 4f**UT-«H6 
ttD7'Jy?7P*^ («: TC74HC74AP) T* 
&So 1 0 114-f 1 0 2l40R®g&-e, 

103lt-f^->-T\ 10 4I4*^>^- (« : T 
C74HC161) t\ 105, 106, 107, 10 

[0088] 027 ©««tS*©||jft ***t-f 
KBS1"5£* □>f^-8 4, 8 5, y-f*— K8 6 

t?vs <D$nmmmm$ut ? Mr « 9 y ? ?bb t 

OVi:«) 0Vfel±fl!>?|E3Efc$7|-^7>3f8 7!zX 
*4*ftW»#*U VB^bVB-m (*fc, 8 
4 0)3 >-t>-^— <D§S<|tl4 8 5 0zi Vx^*— 05SJ1 
tt*y*+#**l*Cfc#a*LW . 8 7l»f- 

57*P9T?ftyx*«#«-f>e-ar>x**Ltt* 

•T^o 8 8l4:i>/SU-$£LTIK£LTfcy, VB- 
>VREF20B#VON£VB~<VREF20B#VQFF ^tH*1* 
9 0, 9 1ttb*^*7HBBi:LTB#LTfey 

[0 0 8 9] 3>f>^9 2, 9 3. K9 4 

f?VBO)««E«|(D«E»bt*^ MT*9y?:*BB 

-/<yT4T-f^-K©J:5fciSlt4ttf 

9 2 0i3>x>tf"— 0#Sfilf49 3©3>f>t-(DS 



-5?7si-P9i?*yA*«#t-f >e-4f>xie*Lffi 
96i4z3>/«u-^turii!^Lrfcy, vb 

+ >VREF30B$VOFF £ V B + < VREF30B#VON£ffl;fo 
■fio 9 8, 9 9l4b/<;U$/7hEIBtLr»f*L"Cfe 
iJa>/<U-> 9 6(Dffl**0 V-VDD<D«#lcKSSf 

So 

[0 0 9 0] D7'J«;?7D7?1 1 4[4CLK0&*> 
±*tyttteH i gh£ffi*U *0&VPSR A<Low|Z 
ft**"CVYSTOP = H i gh^StttlTSc 

[009 1] 1 0 4l4*^>*~£LT»flsLTasy* 
ENP=Low8|*^>^-l#Xh'^L, >7g7- 

>*-i 0 4<D»^icoi>ri4##XK (X£ft«BB 

ttffiK^ r/\-fXhf— KC2MOS TC74HCi>y 
-X1 992J ) ft4f3&<*5o 
[0092] 1 05, 1 06. 1 07. 1 0 8li7Jl/7 

v-mm (*<*WEB«tjat*^y-H*H2 4fc* 
r-f 2/XT-A0BW-) tLTBftLrfcy, * 

^>*-1 04(7)|li^fcDYa3. DYa2 , DYa1 , DYaO 
£})Dk.£o DYa3 , DYa2 , DYa1 , DYaO I4DY03, 
DY02 , DY01 . DYOO 0)*!I»«ttS»toSfcto©4 0 
T*. 7KSffi8^>AAfAVX1^igli o 
*>$illg 2 4 0;£j£#&^0fc#>0 26083 K J; £ Y 
»l^«DBB«ttttl=HB^±i:fe4l«. B 1 0*>A* 

■efey, x-f (B**-f) ttireH i gh, low 

A*L@£LT%cfc<. **«lc*>A*SB0ft«tt 
m«S£ft±£l*££0-e. B»C^fCcfcy^>A*B 
S0«*il fe J: tfflMttt*!:: **»BSrfc*a*Ci: 

[0 0 9 3] 2 7 0ttar*±aWyi«yS?tt|flBBT?fc 
y. B2 9IZ«*ttS«l=*0Hl*l*STV0S*±35< 
yxyi?ftlt«|=H i g hlCft^At^ttf CLowlC 
ft*. N, CfiD8TVB?-f>Bm CPVttB* 

[0 0 9 4] Y*fRl*[}««^fcB^8 3©Sj^^ll2 8 

[0095] Hi 10WfAUtf hVPSR =H i g 
h0i$SW1 2. SW 1 Stt^-Cfcy. VPSR =Lo 
w(0l|SW1 2, SW1 3f43->T*fcSo SW1 2, S 
W13^t>LtWSVB + , VB-I4GND (8 

e. 9 3<»mnmtmmmzov ±?&) -e*y % vre 

F2. VREF3^B2 8 0^fc|Sg-tSti:3>^U : -^8 
8. 9 60ffi;fcl4VONfcftyORStt1 OO0tt*l4L 
owtfty, VPSR =Lowtife§0^VYSOTPtt 
LowtM 0 Z(Dfl|ENP = H i ght^Oti)^ 
>2~1 0 4f4*^>h£ffd o *0&VPSR =H i g 
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hlC&y. SW1 2. SW1 3/l«t7l, VBlCiE^ 

ittf&cmz &\zm2*i%mj:*'<Tyy8 7&u 9 5 

©U*3^f»6*i.4i:VB-<VREF2iSofc4:*ORH 
ftl 0 0<Dj±J2j*<Lowfr£H i g hlC^^CDT?VYSTO 
P =H i ghtfty, ENP = Lowtft5(Dt* , )> 

5. 1 0 6. 1 0 7. 1 OBlzBilt^o 7)\sT#-l 
05. 1 06. 1 07. 1 O8l^^>^1O40{il^ 
(CDYa3 . DYa2 . DYal . DYaO £*Q»LDY03 . D 
Y02. DY01. DYOO LLXttititZa 
[0 0 9 6] *fc. rt<t>>£l 0 40K^6BJ&^3EC 
VYSTOP =Low»:STV = H i gh|:ft«fc 
1 0 4CD|i3^[*>7'j7 r -$^±TLowlCfa: 

[0097] 1 CPVMKI*. 01<&Cs*|ffiIl$9# 
»ftLTl*SB$ (VPSR = H i gh. VYSTOP = Lo 
w) . Rtt^SCstfcfcSHvr* Cs«|CV0H3&<HHlPS 
*tS*-e(DftBHIIZffiaL. STV1?104^Ut7h 

£gHt**t&c£-e. b 2 7 izmtmrnt s cs^igK 

» 9 rt< VYSTOP = H i g hlCteof=KH?rSi<DCs«* 
j£fiLTlVfeCDfr£. CPVS*'!7>{i104^^> 

hl-S^ttJttffl-rSo 0*y. VYSTOP = H i ghlz 
fcofcift (DY03 , DY02 , DY01 , DYOO ) = (0, 
0. 1, 1) fc&tf* VYSTOP =H i ghttoW 
- hfftKKflS 3 «* 3 # 1 (Dtf- h8££ffi»! L X Hfc C t 
left* (flU DYa3 . DYa2 . DYa1 . DYaO 14**1 
filLowU^ "0" TffcS) o 

[0 0 9 8] H3 0l*BH©XKBl«|J4<Dfl|ja*^LT 
feU. SWX 1 . SWX2. SWX3l*ANDHtt3 5 
0-e»J»**t«X-f V*T?3 5O0>£B*^H i g h com 
tVC3 5 0(0ffiMLow(DSt7tfc§o 

[0099] SWX 4 . SWX 5 * SWX6I4JU7- 
ii#D7^y^7P'^ (i:TC74HC74A 
P) 1 15t»iWX^7ft'D7U7?7P7^ 

1 1 5(DtB*Q^H i g hOBt^VT'D^U '^7P«; 
?1 1 50tH^Q^Low^t7t*fc§ o 

[0 10 0] SWX 7. SWX 8 (BJFtrt*) . SWX 

«:TC74HC74AP) 1 1 6tW$MX-f 

y^-ei i eomjjQtfH \ g hcDB#^-v-ei 1 6cDffi 

^Q^Low0Bit7r'fc^o SWXn-2. SWX n 
-1. SWXnlWJ7-|M6#D7U V?7D^ 

(i: TC74HC74AP) 1 1 7 T*«3p£ *tSX-f 
?*TM 1 7<DtB^jQ^H i g hCD^VT?D7U 
37Dy:?1 1 7<&Jii:feQA<Lo w0ftt7tfc§o 

[0101] SWX7tSWXn-20)PI(:i4D7U7 
?7P-;?1 1 5tH«WJ7~11l«'D7'j7?7 

WXn-3 (B^iH*) *<ttlt&#iTfcy, i30!:^ 



Ltzxj wtmmzmmstiTi^o o*y % 300 

X*f ^WHC? U T-«ttft D7U'^7P^ ^Tf *J 
W**lTl*4o ftoT. SWX8-SWXn-30X^f 
Vf»S3 T*flJ o fc$ttf>£ 'J THJM&tt D7U^?7P 
9 1 1 8&T/AND[lg&3 5 0I4ANDHS& 

[0 1 0 2] B3 1 icxrat«4a>n^«i$^-r D mm 
naisniisi 20 (bi#eb) . andki 1 8. 

-f>A-#119. ANDBft3 5 0tDttft;ft\&W&fr 
frf$fCVY SOT P = VXSTOP OmmtfiffiWftm&l 
2 0(?>ai*li;LoWeSW1-SWn{j:t>t§^ V 
Y S O T P * VXSTOP OfttM&HWSfDIlK 1 2 0 ©ffi 
*I4H i ghT?SW1-SWnl**7t«. 
[0103] SWX1-SWXn|j:VYSOTP = Hi 
gh&t/VXSTOP ^Low&tfVPSR = H i ghOBlI 
RKCt>t§^ VXSTOP =H i ghXI4VPSR = L 
ow©lft4tt7tSo SW1~SWnifi^ 
LSWX1~SWXn#*:7LTl*4#ft*« (S 1 - 

sn) i=i*2(Dtt*icj6i:fcfli*»*E*«**a**tr 

[0 10 4] SW1~SWn^t7LSWX 1 - SWX 

n^miRmizt>Lx^m. mwztitcmm® (si 
-sn) icf*cpvo)*-f 5>yici6i:rvoNA<*#a 
**itl*<. ttz, «#«ttB3iT!*4ftr^4ii 
y. 3o<o<t^<sicpi:^-<5>^T*voN^##a**L 

rt^So (#J : SI tS2iS3fCHi:*-f S^T'V 

[0 10 5] B3 2|zB2 6OX*lp|*0^«^ttlgU8 
20*tt*S*. B3 2fcfel*T. 12 1. 12 2. 1 
2 3. 1 2 4l*a>x>-y— Tr. SW1 4. SW1 5(4 
VYSTOP 7?$lJffil$tl£X-f v^Tf&y VYSTOP =Hig 
h (D&S*-?^ VYSTOP = LowW> fl 12 5. 12 
6l±5f-f*-KT?fcy. 1 2 7. 1 2 81*^7^1? 

1 2 9. 1 3 0[^>AU-^13 1, 13 2I4V0 
N. VOFF fr&*ft-eiiVREF4. VREF5*ftSnTK«tt 
T'fcy. 1 3 3. 1 3 5l*P^V^MOS h^>i?X 
£--T?134. 1 3 6(4N^V*JUMOS h^>i?X£ 

1 3 7I40RHS&T:. 1 3 8IA£ y 7HM&#D 
7*)yyyUVZf (i:TC74HC74AP) "trfe 
£o 14 0l^>/\^-^ 1 3 9l40Rj5l^"T?. 1 
4 1 ($j : TC74HC1 61) Xs 14 

2. 1 43. 1 44. 1 4 5(4B2 4|Z^$^^^;t/T 

[01 06] B3 z<i>mf&m%onttz*h?hffimz 

PJ«L 3>f^121, 123, ^t-Kl 

2 5"cvB0)*ftEflii«ES6***v Mrs* y v^n 

h*-/<yTy-f*-K(DJ:5lz«lt*Ltf <£0»£S 
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2 7lcA**-ttftlMftfls£U VB*6VBX-|ftS 
1 2 1(7)3 >ir>^— <D^i|jt|*1 2 3 03 > 

[0 107] 1 2 9\t^^'i{s-$tLTmftLTte 
y v VBX~>VREF40BtVON£VBX-<VREF40B# 
VOFF $ffi^3^^ 0 1 3 3, 1 3 4liL/^>7hB8 
t LTM#LT&yn>/*U--$ 1 29Ott*50V- 

[0 10 8] nVxV-9-1 2 2, 1 2 4. jf-f^-— pi 

2 6*VB0MEM0BE*ftfrby hiTS? y 

^h*-/<yTy-f^-|T(D«fe3fc«H'fctt Cl0ii£ 
MSMlCOVt-T^) 0 Vl>lT<DmK^it^^T>-J 
1 2 8fcA:fi£i*&^Sfcft£L, VB^6VBX + fft 
-5 (*fc* 1 2 2 03>T r >*9—- OMSStttel 2 4 On 

W. 1 2 8li^f-57tP9t*yAAffS-f 

[0 109] 1 3 0l*:a>/<l/-$fcLT»fl5LTfc 
y. VBX+>VREF50B£VOFF £ V B X + < VREF50 
^VON^tb^-t^a 13 5, 1 3 Gltlr*)],*/? hISIB 
£ LTMf^LTfey * 1 3 OM^jfOV- 

VDDOafl-lcSas-rSo D7U'^7P^?138liC 
LKOJt*±*yi»lCH i ghJUiiU *0&VPSR 
A«Lowlcte**"CVXSTOP =H i ghJiSn B 

[0 110] 1 4 1 (i:74HC16 
1) tLtiftLtfey, ENP = LowB|*^>^- 

n^F^u *yr-«*icLow#A*s*i*fc 

L o wlC-T&o 1 4 1 OMftfZO^TI* 

(XttVBMttmil r/\-fxtf-Kc2M 

OS TC74HCi/'J-Xl 992j ) ftiftffc*. 
142, 143, 144, 1 4 51*7^7^- UK (JP 
SUB) (B2 4»# % : CQfflKtt, HfflB 

fVS^^- i/X«rA<Z)SW) <!: L 
T-BftLrfty, 1 4 1 0ffi*(cDXa3 , DXa 

2 , DXal , DXaO £iPx.^ 0 DXa3 , DXa2 , DXa1 
, DXaO l*DX03 , DX02 , DX01 , DXOO 0«t 

-f x 1 i o vmm 2 4 aafttttt«®fcx> 
x^tMcmiflta 2i=j:«x»i4«i)nsffttttic 

^tff) ft£T?H i gh, LowW$A*t5. * 
[0 111] B3 3fix^ieitDffift«ttu«8 2a)nff 



S^LTfey. t^7>?1 2 70ffl*<VREF4i:&y 
4r 1 2 9 AW OFF LO RSB 1 3 70 

tt*rt<0 V-VDDlcSfcLD^y 7^7P7^1380 
tB^VXSTOP A*H i g hlcfc5 0 -t&<h, *^>^14 
1 <DENP=Low£fcy, -h^l/Z 1 4 1 0ii^> h 
MflMiXhy ftot, VYSTOP =Highl:ft 
oTVXSTOP =H i g hlzm^VOimi3^>9 1 4 
1 (*^^>hL^(DSVPSR =LowlCftS*-e*©lt 

[0 1 1 21 B3 4IZB1 O0Yffi«M£ffl«J3 90«j$ 
£*-fo El 3 4 [Cfct>r , 109, 110, 111, 1 

fey, zht>x*mu®m%mf&L. dyo3 -dyoo izd 

Y13 -DY10 MflWU DY3, DY2, DY1, DYO£ffi*F 

[0 113] DY3, DY2, DY1, DYOI^Vft 1 5 01 
*g«1 0±0>tt«t*LTfey, CDY3, DY2. DY 
1. DYO) = (0, 0. 1, 1) ft&|£CsttC3T'«1j 
^*+l5U^mffi± ff-hiG3l?|«WTFT 
IC*oT«»**L«B*««±) I3^>5fel SADIES t 
Tfcy, (DY3, DY2, DY1, DYO) = (0, 1, 1, 

i) «&ac6«c7^tm$4t«B»maut w-k 

«G7T51M»**L5TFT|Cj:or«l»**i*B*«a 

[0 114] *fc, X«^ffi§P0«fi£til3 4|c^L 
f=YKBtttUffia>«A;j:P9tt-eft« (ML, DY03 -D 
YOO , DY13 -DY10 , DY3, DY2, DY1, DYO£DXO 
3 - DXOO , DX13 -DX10 , DX3, DX2, DX2, DXO 

[0 115] B3 5lzHlO)C8«ftVn»9®«|fit$9 
to 13501 4 6I*VYST0P 0«** t csf-fW 
$ttffi^t§f-< U-fEBT5fcy* SWZ1-SWZ 

I &VYSTOP -e«»**i*x-f v« VYSTOP = Low 
00#*>L VYSTOP =H i gh0B#^-7-r-5A^¥-f b«f 
BB1 4 6A<fc&fc#>VYST0P ^Low-Hi g h Izffi 
fcLTtf ClZtt*7*-f, t c sftt7«, 

[0116] 1 4 7\mmMmmft®mv&y* us 

tt'tJI^MtflBflrcfe y 03 7 0^fCS T V(3)/to 

l-tt*5rte"l?<fc«o 1 4 9, 1 5 0, 1 5 1 , 1 5 21* 
^'JT-ffiSlftD^y y??ny? m : TC74HC 

7 4APa>«ftB#*-r*) -c*y*TB»LT^ft^ 

^KRMtC4l^C s«0ttf£ltfc*o 

tt**i-»uD* y T-«tttt ^ y y D7^?,Hi 

ehA<A*S*ifcB#VON£tiirtU LowA<A***lfc 

b#voff tmanr 

[0 117] U3 6IZ, B3 5T*^LfcCs^igSi^0 
»ff*3?-fo VYSTOP = LowT?VPSR =High|:«: 
«&t»ttNBBft1 4 7 0)|i}MH i g hlcftSfcifr, 
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149, 150, 15K 152 It (Bsf L"C HftlMfc 
0)*UT-IMH*DPy v^Py^*H«) CPV© 

ft-t&o U360CPV, STV#A:*j£*l$ 

(bi360VC1, VC2 % VC3^M§ ( V C 1 
f*C sB»»^Hl* UC 1 1zBJD-rSWE^Rtt-rs* 
(DVC2-VC i lCOl>T*P)*rC:fc£) . ftfc\ 1 4 
8I4/^I/X(BS2«|CS6BIL-Ctey. VPSR =High 

b#icvystop =h i gh|:§«,t, ti^ftttaai 47 

<Dai*A<Lowicasfctf>cse»»a>Hi* (vci~ 

SWZ 1 -SWZ I tft7Lffl**/W-f>lf-^ 

«i8ic-rs 0 tot, cs8 cc s 1 ~c s i ) [zf^m 

EOTttfttt&ti&l*. &£, 14 8l:j;^/tot§t 

o%*t^w^fit) ic/fc&xtorr a>y, ee 

[0 118] i38|:iioy-h«i30»M 
frsto h«tt«l»3I4VPSR = H i ghXVXSTOP 
= Low<DB|, T U-fS^8±C0T FT^itt^t^ 
J:3fcvOFF £*r-h« (G 1 — Gm) lCl*9fc>MK& 

fc 0 *©ftfl>fflmi*E*»ftLTtey. assiz^-rsi 

CPV, STV(0^ £>?|Zj;yG 1 , G2, G3- 
(CCW-hiG1, G2, G 3 

[0119] M3 a\zBiQm*Mm»za>U#9i& 

«»iRi*a*EttGND («*»tticistT«i»Rrtt^ 
ftft^mwaaaicttttamEswa-rs) -e&y, 

«#I*<D**I*«E#G N D cfe y tiS«&fflS(Di: ^jES 

tt^ u *-»«<D«-»tt*E*<G n D«t y i>&mmi0 

t*fl«ttfcL. 2l*n-1 7b-i*£n + 1 
B* (Xttn-I 5-f >i:n + 15-f >B*) I=#tt#ga) 
frgfi (S1, S3. S 5, -Sn-1) IcMffittOfE 
*«*E£*&*. MftttgftflHHt (S2 % S4, s 
6. -Sn) KjE&ttaWHMBESftafc. *fc, n 
7U-ABI (XI*n5-r>B#) IZ^»S@<D«-^jS (S 
1, S3, S5, -Sn-1) fcjE«tt<Dffl«««E* 

fiftSS(Dft#|jl (S2 % S4, S6, »S 
n) l=Mttd!){t*mEC*a&tr. 
[0 12 0] ±atLfe«tt®«IV*iL«t7U-A*a)B» 

$K:±fflfife, ITE ' 9 4 T5V K^-</<I ClZcfc^ 

hR|EU&i¥#. C*i60«W*O>*#XlKi:LT 

1 99 5, B^BPtt, ag7^f^PfAVX1992 



$6fl^, Ikeda, Nfj, 1 9 9 2, S o c i e t 
y For Information Display 
1992 International Sympo 
s I urn, 6, Ma y 1 9 9 2) ft£*<fc 

[0121] aTI=*»Wlc^t?*^>A*«iF»« 

KKytfftlWft, VDD=5V, VCC=-5 V^fc§ a 
[0 1 22] 04 0 let = t 1 lZ*5r+*/<>ft1 5 CDS 

*ms«i o±-c<&fta£*-to 

[0 12 3] B4 0IZjS&l>T, A, B, C, D, E, F 
1**^*17* hy-f^—KrU^ 1 7©AjS*ffl. B 
&?tm. CgftM, Dgft®, EgftM, Fg&STrfo 
y, SI, 82, S3-tt«(|-l?*^ G1, G2, 
G3»-l4y-hl*-Cfc*. «-»*atXV-h«±tf4BB 
5©^7^*'7hy^*X2 9A<ia«$*LTl^S (H4 

:T. Ueda at a I . S 
ID93Dig6st 739-742) 
h'J V^X2 9A«TU-f*«8±I=#«E-rft«fi 
£1*: B&BPft, 75 ^ h/<*;Ux-fX^U-f 1 9 9 
0-1 9 9 5, Bi&BPtt, 0g7^^PfnVX19 
9 i^4fl#» 1 994$7flf) *H«IC»yft3C 

fcOtiTI*##Xlll (SlBPtt, 79^h/<*^f-f 
X?U*f1 994-1 995, BfeBPtt, BgT^f^ 
PfAVXI 9 9 1*Mfl-*-1 994^7^^) ft if 

[0 12 4] H4 0<DG 1S1{*G1iS1 ^WJ»**l 
«TFTfCOft36toTL^H**aaf (M*«ffi) 
LTfcy, ll^*a±(ClOT4, B6T«itlfeiy» 
*»2 4i*fiJi3 0A^iB«**tT^ft (##XIK: 0 
gBPtl, 75*; h/U^UTr-fX^U-f 1 9 94-1 9 
95, SlBPtt, BjSNT-f JPf/W^1 99 1*4 
^^•-1 994*7^) 0 G1S2, G2SUG1 

8itPHn?fc«, tta>raMm*Mih?fe£ mx. 

tf, D<DTI::fc*G3S4fti:*) o 
[0 1 2 5] Cfe, fffiASOKttRftfill* G»fe 
MK B*fel(D=SS^fey, S1, S4, S7^fl 

»*ft4TFTt*^-3r^SH*««H±l=l*R3IHB 
gtf, S2, S5, S8-T?#J«iaF*i«T FTIzSRA<o 
r^«B*««Ii±|CttG#fi«a&«, S3, 88, S9 

[0 12 6] H4 1IZ, VPSR tfH i ghlZfty, 
h®ffiftSii3<Dffi*^±rV0FF lefty, Cs^SgSigH 
9 ]Ntt# Ltl^^IXntE0di -f 5 
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[0 12 7] VPG3S4 (*G3S4!::#£&*;ftT^5m 

E-efcy. vpg3S6 i*G3S6rz*#ii**iri^«E 

T'foy, VPG3S5 l*G3S5lC»#a**ir^«*E^ 

[0 12 8] t = t1fi, G3S4fcl4VDD#G3S6 
IC 14 G N D A< G 3 S 5 \Z 14 V CC^W *D * ftT fc y . 
*a«E*< G N D 0fctf>i! 4 2 Lfc«5|*«Ftt<Z> V - 
T»ft*y (##*$*: 9 ifl BP *±. 7?yh/<*jU? 
^fX^U-f 1 9 9 0-1 995. BiBPft, Bfe7<r 
?Df/HX1 9 9 2*6fl*) , G3S4IC|*J|A<G 
3 S 5 |CI4^#G 3 S 6 IZtt^l/-^S^**tT 

(***S6«l4y-T'J-*9< h) o t = t2B*#H* 
«Efcl*££±lf*E*<4i:Tl*S*<* C*i*felT(c|ft 

[0 12 9] (H4 3IZ. *«Sflt»l+SrU-f*«8 

Utf»a>**tfc Vol. 47, No. 5. pp64 
9-655. gHffi, EID91-120 PP 29-p 
p3 4, BiHBPtt, 77^h/^f^X^19 



9 0-1 9 9 5) o 

[0 13 0] 04 3C:Sn>-C\ G3ttB4 00)y— htt 
*S6l*H4 0(D«#«*C3ttH4 0©Cs«** 

Jry? 'J Cg sfiTFT^- biH3&?| 

a<D*y^y>^ei* % cLcainakicfiit«ttn 

l!ffi2 5<hll^iaWO^^S:$. CsfillHtfHI*: 
cs§ta)*^u^f MM**) t, c g , o 

omi*i mm\zteii&?~hmk%famm2 50±yy 
■j c P , S i gttiH*(cfe(tsfi#»t 

H**«G 3 S6<D*y?y Csig, c 

[0131] *^js«iiiziit)S*^sai oa>ii*ss 

[0 13 2] Ztoffitrnm^m^TrMztS^T, t = t 
1 B#(ZG3 = V0FF . VPG3S6 =0 V, S6 = 0V, C 
3 = V0FF -efc*t-r*fcG3S 6fC*7L&*tTl^S« 
^fQG3S6(t1)l4Cp. s i g<D|g»£«jg*<&fc 



3S6 =VPG3S6 



fiU VPG3S6 



QG3S6(t1) = -V0FF * (Cs + Cgs) [C] •« (1) 

fcfcy, t = t 2B*|ZG3=V0FF , C3 = V0N. VPG F T3&C*7 LT^€0)-CG 3 S 6 l=»5t 6*LT^S*« 

(t2) , S6 = 0VT*fo&tt&tT QG3S6(t2)l4 
QG3S6(t2) « (VPG3S6(t2) —VON) * Cs 

+ (VPG3S6(t2) -VOFF ) * Cgs 
+ VPG3S6(t2) * CLC [C] ... (2) 

(t 2) I4t = t 2&<Z)G3S6(&m& -CftS. St. TFT*t*7LTl^*OTf 

QG3S6(t1} = QG3S6(t2) ... (3) 

(3) &%tmir&k. 

-VOFF * (Cs + Cgs) « (VPG3S6(t2) -VON) * Cs 

+ (VPG3S6(t2) -VOFF ) +Cgs 
+ VPG3S6(t2) *CLC 
VPG3S6(t2) * (Cs +Cgs+CLC) = ( VON- VOFF ) * Cs 
VPG3S6(t2) = (VON— VOFF ) * Cs / (Cs + Cgs+CLC) - (4) 

-10V, Cs = 0, 5PF. Cgs = 0. 02PF, 



fcfcy, (1) , (2) 



fcfty. (4) 5£"C*g£*l3VPG3S6 (t2)A<»6*t 
So CCT?*f*»«ffitLr. V0N=2 5V, VOFF = 

VPG3S6(t2) = 21.34 V 
fcft*. ML, /Jvftjk3«fttTf4ial»SALfe. 
[0 1 3 3] £oT, VPG3S6 #0 V~2 1 . 3 4VfC 
Kfltf£C&At*£;|lfc (VPG3S4I45 V~2 6. 3 4 
V, VPG3S5 I4-5~1 6. 3 4VIC^b) . C0VPG 
3S60>»b#£. *#±tf«Efcfftf (ZCTM4Cs^ 
I=*«ft#±ff«E-eftS) . CZ-ei4C3*<V0FF ~ 
VQNrc»bLfcB*t*56*±lf«EI*2 1. 34Vi 

[0 13 4] 14 4!:, *mMmiZfrfrt>&/<yt s ?>( 
h 1 1 <D«»ffi*&tf#»fe)B3 O0>aaB*«Fltatf 7 
* hy-f*— KTU-f 1 70:7* hy-f*--K (DFA. 
DFB. DFC, DFD. DFE. DFF) <7>®3fcffiJt*H££^ 



CLC=0. 3 PFft^ts 

... (5) 

to 

[0 13 5] H44 (a) l*/t?99<f H 1 CDffifcftB 

At«tTfeymiuttft*iiHa^ttA«i 00% 

ijE«&Lfc*BS*ffl»*3SLTfey, »4 3 0nm~ 
440nm, 540nm~550nm, 61 0nm~6 
2 0 n mlZ^THWzffcfcffittHiA 1 0 0 
*lTl^*<«0ff«tfl4, a»U*0%-<?ai**<iT^ 

[oi36]044 (b) i*£*&n<Daa*tttt«5* 
jE«MkL*:a»asi»**Lr^« 0 B*fiHT?r4a« 

400nm~500n mfZjj^TiljS^ 10 0 %T:Ji!l0> 
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##T?l*0%T5fcft D Gffegt'l«S5 0 0nm-6 

o o n mizm^x mmm 1 o o %xm®&&x\t o %r* 

Rf6it«S6 0 0 0 0 nm|:fet\ 

[0 13 7] 04 4 (c) Ii7t hy-f*--K(Oft*« 
a«"C<DI8JS*1 0 0%fcIE»fcLfc«»S« (%) £ 

[0 13 8] 04 SIC?:* KDFB(7)S3fe®[C 
A»*«Aat*0#**3j** o H4 5 (a) l*t = t 1 

fc»(fft»*fifc#**LTfcy* t = t 

S*lTl^ft»y VP63S5 =VCG. VPG3S6 =GND, V 
P63S4 =VDDT&5fcftH4 2j:y % G3S5tG3S 
6tG3 8 4***?lHfft#«S**ltL^. 04 5 
(b) l*t = t 2lctelt67*hy-f*-KDFB(Da3fe 

fit»*«Lrfey. «ra©ayo!)»E»«icftor^a 

fetoH4 2<fcy. G3S5i:G3S6i:G3S4^ 
#»fe*<««**ir^*o ftfe. 045 (a) % (b) 
afltttl*afcft£* A2j£ 1 0 0%4:jE»MfcL 

[oi 39] ftfe. aai2 4ic(**EA<aio**ir* 

* r^Attftj fc^tf, TNM-C20ms 

ecHT?fcft. 03 GlZTtsLtzC s^|gKlgP0tB*lE 
(VCK VC2, V C I ) 4>/tj|,Xfll (V0N£ffl 

i*aiiiicDjs»ji*titi:r*?L*fl[>4«a*L<, vg 

A«Wtt1 CPVjfflU (1&3HM) &4 0/i s e 
ct?feS(D^ TN»aT?tt2CPV»6l±t«(D}6<fl 
£L< («fcyfl*L<tt5CPV~400CPV<DM 
t?, to^JcyiSKttl 0CPV^3OOCPV«) 

aM-^SMMIttSKA-Ctti cPV»a±iSd)tfi*L 

I* (*yM*L<tt1 CPV~2 OOCPVCDRUT*. t 

ofc<fcya*L<i*2CPV~i oocpva>F^-efe 

ft) o *fc, SVGA^^X-Cf*, 1CPVIW13 
2 use ctfc^, J E"tl-?*l0?SS*f*4iZjfel\T. 
V6A95^flD1. 2 5«(D^iUX«*i:ft<DA«a*L 
<. XGA^7^li1CPVirM25/isect' 

o)i. 6^0/^ux*B$itfta)A<a*Liv -3*y, t 

< (cfc MtttL < (42 0 0 // s e c~ 1 6 0 O O fi s e 
o0mx\ %otckyM*L<l*4 00|isec-12 



000//sec(D|tW) > J££i8£j&<2 0 0jKse 

cs©sssi*tt»s^«imit?ftsi?i*/^uxie$4 

0// s e cJa±ift<7>#MSLl> (*yM*U<l*4 0 
JU s e o~B 0 00// s e c0BT?, *ofc«fcya*L 
<l*8 0# s e c~40 0 Ofi s e cO)WlXfo%>) . 
[0 14 0] fcif&b. 146 (a) - (c) iC^Lfc 

csneB»a)ai*SE cvck vc2. - s vc 

I) ®/UtXMtf+ftft<&l\£. »Affi2 4 0>3jft« 
ft«-»*jft»3 407*hy-f+- 

^20msec(DT N^gHTr 1 CPV^2 0//sect 
S^ggl Oa>«*»g^1 00 [cd/mm2] <&* 
CsttBttflSfttbAWE ( V C 1 > VC2, V 

c i ) a>/U^«j&<i cpvjHinnjfcfui* *«»«i 

0(0*aa*Sfc4:LT»0. 1%gU4i:f (K 
mttLXimo. 1 [cd/mm2] T*fc£) % C*l 

fttftRTtBtt^fty, *<dbsk»#ltl*3. c s 
mmm&oftxnE. cvc i . vc2. » N vcu© 
/^x«*2CPV«nnfrtL«. s$3tti oa>3fcS 

BWEfcfcLTttO. 2 96fl£C CWBfcfciLTtttt 
0. 2 [cd/mm2] T?fc«) v $8WlZ*fr LX&< ft 

ftfc*. K»ft*'>ft<-rftc:4:3&<Rr«6'r*s. ft*>\ 
sue® (a) ~ (e) izm^x. mmtm&mtonK 

[0 14 1] mmatlzmtts 1450 (a) t 

(b) iZTfrttl&y* h^^-KDFBOOaifcSrzAW 

* h^-f^"»-KDFBIZffi*SEfc^Uft 0 (214 50) 

(c) t (d) ttf*fc«4t74-h^t-K0S«SK 

tttt*#*Lfc*fta>a**»*^LTfcy**iiic«flt 

OSXBITAirrftttlM(0«MA»«*^. Co) t 

(d) ^bt = t 1 - 1 = t zizl$i\xy* \*#<<t- 

[0142] m±£#jt u *fttt«ircHt)ft«i)nBai 

[0 14 3] ttTI=, SMIB1 0±[c^[f^^>5fei 

[0 14 4] 5 $04 OlZ^-TS^g 

■OttBlCEBLfcfc-rStVPSR^H i ghlCfty, 
^r-h»B»«3©aj**<^TV0FF |Z&y, Csfgli 
SB9A<llftU»tf>s I270SW1 2. SW1 Sit*? 
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U -tOB*/**;/^^ M 1frbG3S4, G3S6, 
G3S5*ILt< SftSWtlcB CfcW*«Sl^DFBrc 

rcDFBOffl*«aiC(6i:fcVBAM*6^ =3>x>-9-8 
4i9 2U:VBA<fti#*jflS (fit. SW1 2. SW1 
3i*=3>-f>i^8 4. 9 2|CVB*<##a*ttfc^ 7 

ffl * MB* Ivb a<±H t ^ti!27a)3>T ? 

V9-9 2, 9 3. 4r-f*-K9 4(D»^6W6^a» 
lC04 7l^^|C^T>^9 5O!)tti*t±^L, # 
-<T>^9 5<Dffi*3bWREF3Bl±|c&St=l>/<L/— 4r 
9 6I4V0F £ffl*U 0 0(D&2lf4H i g 

-evPSR =h i gh-ej&y. tt*fcLTH47ic^-r* 

•f 5>>TT?VYST0P =H i ghW§ 0 

[0 14 5] VYSTOP =H i g h lcft£* *f 5 >^I4. 
'Oft 1 5A<S^K<DYSrfi](Dir<7)fiaicfc^36MzJ: 
-3TS**tlS« tttfftfe, ±C**9±lf«EI*Cs 
&SE#:i*>±#6 C t (Zcfc oT± C, #Cs$0VON 

V, CPV^-fS^IUotSSotfey, CI ft 
bf^STV^H i g hlzftofc&l CP VTfVON^lfc*, 
±#y, C23&6l*2CPV-CV0N^il*±4UJ % C3 
ft b li 3 C P V T* V ON*<Sr ± j&Uj , c m ft 6 It m C P 
V (uC7?l4CPV(Dl[U4«yi!y9SSTV(D4% 
±*<y^6ft*m<BaiCVCm = V0NlC&-S4^ *<DfiF 

[0 14 6] 02 7|C^LfcYS-IfilfilSBffi«tta»8 3 
tt. H2 8fc«-ray. t count JffllHia^VhSftfcC 

04fZckoT3CPV (QA = H i gh, QB = H i g 
h, QC=Low > Q D = L o w) tf± h $+1. fig 
IEfi&£DYa3 = Low, DYa2 = L o w. DYal =Lo 
w, DYaO =Lowttftli, DY03 =Low> DY02 
= Low. DY01 =H I g h. DY0O = H i g h ("HI 

m L fcjftSB 2 4 (DJ&Sftjftttft 50jt/secSgdt: + 

[0 14 7] ffiiZ»SJi2 4<Z>l6@*gA«®< 1 0 4IC 
ctotlOCPV (QA=Low % QB=H i gh, Q 
C=Low, QD = High) *<*^>h$*ir*ttjE 
i££DYa3 =High, DYa2 = Low. DYa1 =Lo 
w, DYaO =High (CsMSl 5#<tLTl%&) 
£t"*U4DY03 = Low. DY02 =Low, DY01 = H 

i gh, dyoo =Hi g h i+mmT'i±3zmt%t%) 

[0 14 8] fil±lZcfeoT, Y£fl (DY03 



= Low. DY02 = L o w, DY01 = H i gh, DYOO 
= High) A<tttt**lfc. ftfc\ fcEttfiTCIiTFT 
^t7Lfc«, C8«KU«9l=J:y%$±(f«E^± 

i:«fea&H*«srcfi4Ht*E$*$&t;Rt£i:«ft^ 

^Ctft<. S*±lf*EtJ:oT±i:*«^*Bl 0 

^6Cs*g«B»»9A<»f^-r«*-C0)fflWltt, TN&i, 
"CI 0 0// s e cBl± («kya*L<l*1 ms o cJSl 
±) > iftRKftA^S3ftR«iftA-CI*5 ju s e ott± 

(*ya*L<tt2 Ott s e clSLh) tSOOtfaSL 

I*. 

[0 1 49] DY3. DY2, DYK DY0(D»4^>5fe1 5 
^TU^I6«8<D±A^6W*a<OCs« < X»#J»$*lSH 

Tfcy, ^Ct?tt7^Sfi8(D±^^3f @ (C3) 
CD C s HT*«§P $ *L « Bk«n± ices L r IN & z t £ 
SLTHS. DY3> DY2 S DYK DYO©ffl[|*^>*l 5 
MTU^«ft8fl>±3&^&^#B(OCs«-lfM»*#lSil 
*«B±l=*4©fr*2BB**LTfty. (DY3=L 
o w s DY2= Low. DY1=Low. D Y0= H i gh) 

I**:/* 1 5 «<r urates a±fr& 1 sioc smv 
mw$ti&mmmm±\z&w lx z t u c d 

X3= Low, DX2= Low, DX1 = H i gh s DXO= L 
ow) 14*:/* 1 5*tTWa6S8(D±^6 2»B<DC 
s $4l«B**HJ:fcti:fl| t T C 4: 

U (DX3= Low, DX2= Low. DX1 = High. 
DXO=H i gh) (4*>5fe1 5^7L-fIffi8 0±^P, 

Zt^mLXL^o 

[0 15 0] Z<DffiZCstmt&9<DmftkYl5fotom 

mw&m : ®8 3<Dfem<j)$'<*>7 (047) ^&y* 

[0 15 1] »U2 4 05fc4^Kftlcj:oT«lN9S 
«*fcHJ+*» (*»*«-CI4SE*±lf«EI=J:oTa 
■■2 40)ft4M*ttKftt£i:«*T^«) % Effiito 
oT##a*ixH*«a«EA<VDDT?feSH 
m®a[C^#±lfmEA<±DT*@4 2[C^-r#fti$g 

■ci*. J ^•oilmm<i±(Z)^^#1±lEft^l:ftL^fci^>, 
*o^ji^ffi^fTx.ftt>o 

[0152] *mmmxi±. mmmm^mm^^- 

«<DX*fa©ftS«fcy*ft<. ®^S1lll3 9(Z^tfc 
«l=tt«MBI«S2«tRI«3A««^Klcj£«ttlc«« 
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*«tt^&<D»*3eiB»rc»*-r5c:fc3Si<36:i^Tf (1 
0%KTF:6<a*L^) s 04l~4 9|::^Lfc$!c&#! 

[0 15 3] *fc % fflMMM*2tfJMM^4«BB 
t"&^E£VDD=4V 4V<hL (04 2^^1 

[0154] &iz % ft»BBi o±izteitS^>ifei 5 

[0 15 5] VPSR =High > VYSTOP =H i ghfr 
&y> YftftOtoMm® (DY03 ==Low s DY02 «L 
o w, DY01 =High> DYOO =Hi gh) jW£fcB& 

hits M3 Giz&zh&mzc smmMM9<D&tii$ 

y, c8«ii=ttattCE««tt«$tL'rH4 3ic»-r«-E[ 
^#fi (csig, cs, est) luottemc 

[0156] *fc, Bi<D«ftntt9niaai 200^ 

#I£H i gh!C&y % SW1 -SWnl*±T7j-^-r^o 
S&U:* H3 0fc«f XH»«4 0i!ift*x6W&Axft«| 
£H3 1 r=**4l«tttt«4f|«E0<8 1 ~S n|C#£ 

[0 1 57] CZT% J2Lt©»£<DII*«««EVPG3S 

e a>afc*«ftwrs 0 D4 8i*cs^sgi(!«s9«)ai^A< 

/W Otf-^xm TFT*4tt7LtW 
»«l»fcf^t»LTfi!) (fit, Cg, corn 

H4 8CDG3S6£S6fHa>$B (CG3S6-S6) £ff 

[0 15 8] CG3S6- S 6 = Cp,sig + Cgs* Csig,g 
/ (Cgs-f-Csig,g ) +Cs *Csig,cs/ (Cs + Csi 
g, cs) 

tot, S6«)«E»bAVS6{Z«koT±i:«VPG3S 
6 ©BESMbAVPG3S6 l*BLT(D»ICftSo 
[0 15 9] AVPG3S6 = CG3S6- S6/ (CG3S6- S 
6H-CLC) *AVS6 

fc£§o *ftW»ttt LT, Cp, sig = 0. 01P 
F. Cgs = 0. 02PF, Csig, g = 0. 05P 
F % Cs = 0. 5PF, CLC=0. 4PF S A V S 6 
= 25V, Cs i g, cs = 0. 2PFc!:-r^ct. 
CG3S6-S 6 = 0. 1 P F 
AVPG3S6 =5. OV 

[0 1 6 0] tt±0)«[|IJ:y % 149 (H4 9|Z*${f 



S6l*«#liS6lcBIiBS*i*«^iatlE**LT 
lc^-TVPG3S6 A«f»6*iS0)f4W6^t?fcy (V 
PG3S60) t = t 4- t = t 6 0>*E£1b#$XBtt*IUC 
tfc££#±lfWBEi0?#) > H4 1-H4 5-CKIBL*: 

7*hy-f*-K0tt*«aKfc3&<±i:. 133 2 0xj 

9!C^^/<T>^1 2 7Ofci3^aiKVXST0P ft<ft&s|i 
5 (flU t = t 48#0)VPG3S4 % VPG3S6 % VPG3S5 

l£#l*t = t 1 BtO-t-jfcfclflSf-Cj&y. t = t6|07 

t = t 2*<D J t*i4:B*T?fe*) o £fc> *<t7>* 1 4 
1«)ift*6B 4 91^**1 4 1tf>fcii;*JQA = H i g 
h > QB = Low, QC=Low > QD = L owid^b 
ids ttIEDXa3 = Low, DXa2 =Low, DXa1 = L 
ow, DXaO=Low (Z(0ffiEmi>Yl5\ft®m&Mik 

Its DX03 =Low. DX02 =Low s DX01 =Lo 
w, DX 0 0 = H i g h*<#btl& 0 
[0 1 6 1] {IU XK»«4lC«fcor 

m±\f *E*«£**«iri;B 3 e a> * a i= c e «s 

Ce||B»»*&fflyftLTl**fcto. §££±lfmE?&< 
I«ft:4i:, ±Gfc*S±tf*E«ittLTfc<c 
Jt*^ft"T?*«o fif=Cs«3&«CsttB»»^6ffly» 

a?*ur^ftl+*itf % C8ilttH:C8||||Afr6m 

* *i 5 «tt * ittt l r i> & fc # ± if ie it mmmm 

e*<& c r % c s g«tti4tvf ^ c s msbs* & 
aF*t4«tti=*<b-rsfc«>, ±cfcs^±{fmEt^o 

EttflfcCfcl*. 

[0 16 2] JSLiil^oT, XAA^tDMJSff (DX03 
= Low, DX02 =Low, DX01 = Low. DXOO = 

High) imm**iit, 

[0 16 3] DX3s DX2. DXK DX0(D»4^>fl£ 1 5 

XBB (TFTt*LTW4il4) ±fcfc«(DfrSSP 
LXfcy, 44kttflllcttlt«BB4 0^6H4 9-1!tt7U 
^Sffi80£^f,4-6f| (S4-S6) CDfg^t? 

[0 16 4] DX3 S DX2. DXK DXOflBfiJ:-*:/* 1 5 
#7 U -f 8 <D £ A* & fl« a ©«#«T?{MIB * S II 
(TFTt#LT««M) ±lCfe«(0^«2 
5t»T?*L-Cfey. 03OlZ^-rxB»»40»flsfr& 
WA^ft«lcS 1 -S3. 8 4~8 6-«niHlCBBL a C 
li£<Dl?, (DX3=Lo w v DX2=Low. DX1=Lo 
w, DX0=Low) I^>ft15i)<7b^lfi8fl)» 
&1~3BlO)«#|ft-eiMm$*ieHXBtf (TFTJ 
^LT^Jffll*^^) ±iZitm.LXi^Zt^7FLs (D 
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X3=L o w. DX2=Low. DX1 = Lo w. DXO=H i 
gh) tt-0*1 5#Tb-f &*S8<D£7!>Nb4~6§g 

±K&eLTl>£ Cfc^U (DX3=Low. 
DX2= Low. DX1 = H i gh. DX0=Low) l&'O 
jfel 53&<7 r U-fai«8«)^6 7-9«Ba)*-9«|T?«| 
*P£ft*B*ia (TFT*^LT*Jl»S#lS) ±lcft 

[0 16 5] C<D«lZXBj«iaJ4fl)»fttX*|fl40)Hffi 
«ttHitt8 2(D«aja)*^5>y (B49) fr&XSSfH 

[0 16 6] XB»»|::J:Sgi#±lfaEtt* Csijgm 
EKJ:«S*±lfaEfcJt*M-4i:«< 4#<0 1 fl&T* 

L^o «6oT. **«5«0)«|CXKBl»T?«4i'ttfcVON* 
M%.&&t $ & V 0N^e^3S fC-$S*t$Xfc t V XSTOP 

=h j gh leftist vons«**r=wm^*<D^fl* 

L < ZtllZk oTj&HB 2 4 <D£8&jK*ta< ttstsi 
l=MH2 4ttJSSr«. 

[0 16 7] #gt»]T*l*. a±ttnLfettlcft^ttC 
(DX-f^f^IT (T U<f Ste8C0T FT) ££T;*- 

PMatfa-R* t mmnmmo* ^saic* 

oTB*«ai=±C4*#±tf«E*a«U *<D** 
± tf *Elc«fc o T ± C S«*»S0)5fe*«FttSfc (»£ 

cfcoT. TFT£*LTB*«II::«E 

ttSEft*ttffiLftl^<D-e. *>(Da«ttlS«Sjb<TFT 
<D8j3if£<oO#-V>T FT0;f 0# 

«ttlz*«**a^ll»BlzjK»4tLft^<D-l?J: tj*a& 

BBtttutmrefe*. 

[0 16 8] TFTI=tt^>ttfi (R*» A<ffftL. 

*, 

r=Rt>* CBili 

ffiU cBaiiBaBaKft&fftM-efct. r*> 
i*TFT0)*-rxf=»»s*i4fc«)a««aii6-3*fc 

(##£«: it*. IDY 9 3-65 r a 
-S i TFT-LCDf=teH*«##a*»0)«JMl!H' 
S(DftitJ % Analysis andDesign 
of Analog Interated Circu 
itsSecond Edition. Paul R. 
Gray. Robert G. Meyer) 0 C 

LT. rtl±**3S:li6o*36<SttLtL*?. 
[0 16 9] Sf^Sl 0\z?f&TZ>m 



T. «AH2 4l:«ECBUDL. *®B±i:&MB2 
40**fcttWfa^6*:/$fe1 5©«^S«1 0±tf>H 

&**f * £ <k r% 2 4 KlE£(Mtrt 
fitJt»*<ISyft<-lfP!zfti(D-e, 1E*CB*I::»# 

[0 17 0] *fc % **tt«^tt. VREF2. VREF3. V 
REF4. VREF5SfiE«l=|B:3e-r«Cfc3ft«ai*-5fca&, 
± If SEIc J: o T± C £ 1 O0#ll*«ti±0 

Wttttffi (931*1 0 0%) A%6H (3a$o%) 
XI4HA^6eizSfcLft<Tt. VREF2. VREF3. VRE 
F4. VREFS^jBaRe-rSCtT?. S^ggl 0tf)&jl 
Dl«fil±CDffl^ft»JSIEft3&<Sii*1 0 096^6BW 
9 8 %<DiR£"P2j&* 0 %*x k^ifi^ 2 %tf>tift*§&Tr 

0%JEfls-r«fcJE«»fflT?#S«vREF2, VREF3. VRE 
F4. «JM&B£tttH'r& 

re. iiin oaaaataWfcc&i*. *aa 

«T?ttXB»»4;Rtf C s^Sggl^9^^SW1 -n£ 

ffifc : #±« % EID91-125p59-p64, 

«U **flNKM¥*B*:ttU C- Vol. J76- 

C- No. 5 p p 2 7-p p 2 3 4) . '<>A#- 

[0171] m±|ZcfcoT. ^>5fe1 5*<*^««1 0 
lC««Lfc*0^>ft1 501 0±T?<D&$ (Y*H*D 

MBafcxaatMUHD #fcta**ifc. 

[0 17 2] MH1 0*<«^LT^S7^3>0)ffi 
ft. T>6*«ft. 31^. P-v*») fti:*tttt-raK* 

Pit. 79^ h/t*;i/Tr^X^U< 1 9 90-19 9 
5. Bj£BP*±. BSiV-f *P1r/<-fX1 992^6^ 

a*. e*r=a<D«**#*aA/ 

[0 17 3] H5 0IC^9^*-7HU V^X2 9(Daa 

*»ttt^5*y*^ h'J^^X2 9±(D-7* h4r-f*- 

[O174J05O (a) 14^9 h'J^*X29 



18 



ia**i oo%tJEmitLtzmMmmm^fjkLxi^o 
a**8icf=^Laa*o%t?fc* eg bp 

ttv 75 V hn^Jl/fi'X^U'f 1 9 9 0-1 995. 
BftBPtt. 0g?-fi?afAVX19 9O*1flf- 
1 99 5$9|f) o Lfc^ot, 15 0 (b) tffp? 
8l:?7*;*7HJ «^X2 9±IZ7^- h jf-f K# 
fc«»*ffi»AAi*o-efts 0 150 (b) com 

)SLtc*^0fi^A*^ 1 0 0%fcIE»i4fcLfc7:* 

[0 17 5] *SH6«-eiiH5 0t*L*:^9v^Th 
U V * X 2 9 (Datig^tt t 3 0 a>2ta*tt1i 

(114 4) <D»l*£7;J- b?<(t-Fx-mm?&zb 

X% "0*1 5^S^S«1 0±T?^»Lfc^»l:S«l 

pMiDUttO^X downMlDMltCD^ 
Y u p*!«(D»lllJi&(DA^Yd o wn*iaa>»»*a(D 

ebb**. 

[01 76] 05 11*. *safi«l=:»^r. 7* h£V 
tf--K4t**»«1 0^6S3fe*rS^t^>ife1 5 0 

151 (a) (D«lzK«LTfcy. *©&H5 1 (b) 
<*>*£{:: "Oft 1 BjWMtoLfcfcfciU ti-ffefffr&li 
XtfMl240»i$1 0 0%-C*^<**0)fr 

*) . 

[0 17 7] 05 IIZjH^T?? y^THJ^ 

XT (±) (Ctel^LT^&l^ flHHfL CbI * 

[O178] 052 (a) - (f) \Z % @5 1 (a) |C 

x 2 9 o^s$ o % t L&m&®<nm*mmzm Li*t 

5 2 (a) (*A»*H(Da*tt«*^LTfey. 

HJ 99x2 9±0BttBBtfo%i?«*feB±a> 

1 0 0%tM a 152 (b), (c) 

rtey, §Mii*i5 2 (a) inure**. 

[0 1 7 9] 15 2 (d) ttDftftiia)a*ttli**L 
Tfey, DSMtfYSfl (CsttM) tfflftl^T? 
fcSfctf)* Dg*Itt?7'^7 hU ^X2 90>ffift 



<si+rfey. ±o-c\ *b»b*i*i oo%#is-c* 

(id:yi00%ttf< o l5 2 (e) ( f ) 

y. 152 (d) iHirefc*. 

[0 1 8 0] 15 3 (a) - (f) tt % 15 1 (b) |Z 

»its*»ftna)ft**i6*^LTfey. 

«lttfi:*:fig8 * 1 o o % t JESHb L?9y>7hUv> 
X29(DRBJg£0% (SBST^y^T HJ '^72 9*> 

«*MB**U*i: LMttaWftMBfcUOflttB 

[0 18 1] Z(Dffi\Z* S^SB1 0<D«BC:B\ 
SSI 0*<**»oTt^SfilB**«tt«3E»«#«ELT^ 
£ 0 

[0 1 8 2] 15 3 (a) teAaftB<Oa**»*SL 

rfey.Hsi (b) ^6w^ft«rcAa«Byx*s 

9) 0«J#H*CDI6»*aH-ft<ttor^*fc», Ag 
ftBO«»RB»*^^*T b«J y£X2 9 0)ffi*HH« 

[0 18 3] Bam&tfca%Btfatt4ti*ttHAl* 

1 5 1 * & B»«:tti=B 5 2 0**1 1 mm L < *o T 

[0 18 4] 15 3 (D) ttDaftBO>a*Wi*«L 
Tjsy. 15 1 (b) ^&W^ft*»|CDajfeBA<Y*|«0 

9) ©tt»«a*<DiB#*aita<fto-cu-Bfcto % ds 

OUfHcKttoTltt. EattBfttfFaftflttft&i:: 
[0185] a±a>c:fcfr6«(DttM|A<»6*i-B 0 Ag 

*B**-r«7*hy-f^-K. Ba%B&tt*&7* 

Hf-f*-K, caftB**f*7*h#-r*-KI4X 
^(-*Bfit>«aii?fc-SfctoY^rfi| (CsSi» 0^ 
?9*7h'jm20 1*81+ < l>*< X 

(D?9v $?HJ y*X29<Dfgtftea 

i+«i*„ Da*B*#fS7* nf-f*— East® 

^*-KttY*rai=**^«36-Cfe*fcftY*fi| (Cs 

a>^v»Thy^^x2 9<DK»ttait«^ 
iew*ai+is^. cfco-r. #7*h4f-f*-Kttx*m 

a> m J s 7V J ? w * h l J ^^7X2 9£ YSfSO^V^T hU 
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[0 18 6] *fc % X*lf!Ittttffl(Z)*-fe>"9— <D»*ffi 
tt. «S5feB£#S%lBOYA^Sta<«r««|k[=B 
B LfcS#CD&S3te®<D X **<H 5 [Zip? 290 

X*rtlft (2 9X) 0)2»BlTa>*4fcft**RM-r * 
<0t>m& L < cfc y M* L < tt 2 9 X &T<Dft S lei" 

[0 18 7] frtfftfe* ***«15ttfflLfc7*hy< 
K-Pife<7> CCD* £<D*-fe >»— f*S:*Bl:: Alt"T 

JULY'S frt&y?y9l h ij ?£X2 90 2 9 X*<± 
aLfcXSflflOftScbytJS^ii:, 7h'J^J« 
«J 5 <t #0>tB timttf'PU < ft-tz V^-^^^ * <7 -7 h 
y^X2 9£«ffla*fc<fcoTL£3o 
l*±aUfcX*iRia)ftSA<2 9X0>fta?i:BI*J5lTlca 
5*»ttU JEfMfrtttBLfc. 
[0 18 8] Y*filttUffl<D*-b>-y— 0)S*® 

tPtfflc, J &^3feMS#g3feci0X*fpJ^iRt^<^^ 

«i=is»Lfci»(Dfta*H<DY*S(D*$A<ia5fc^-r 

2 90Y#Jp)g (2 9Y) <7>2«J2lT(Dft*fca*«K 
tt-T S(DA<fi|* L < £ y H* L < I* 2 9 Y JSlTOOft $ fZ 

•r *©*<a*Li\, *nii0)]t?i*±aiLfcY^iPiofi$ 

[0 1 8 9] 05 4 (a) £*JMfCj*tJ-«7 U<f ttfi 
[O19O]054(a). (b) . (c) fctH*T* 
»ftCfcl*H54 (a) % (c) <D«IZ % Csjg<fclj§j§ 

nmomte y w# « y- h icibbi- « c t v $> 

ftifftk, Csmt^^vWhVvVXZStm 
«l--*l-**a»LSl^©i?, «S.liH5 4 (b) 0 
ttfc C s Ml t fl*UO>S« y t ^- h$ £*i L T 
EBLfcOTI*:?*- h^-f*— hW«h«|±IZfc*3f 
vvV^ hU ^^X2 9l=*oT*«)Hl**«3WEfl:L 

•J^X29J:«tL<*S<t4ci:ltt*iS:0. ft 

So ifc^ot, 054 (b) icfcivt:?* Y94ar- 

*X2 90*g (XI*. ?-UMI) fcJ:oTMH4*i« 
£il=*y. o*iJtty-h««ilcj:oT«B4<i4c 
<tfcft£ 0 7*hy-f*-Ka>»j6BftjK<f *fc»y 

- hHLk*)????-? h'J 7^X2 9 

$i*£«<o *^0J(7)filiC[gl54 (a) , (c) 0T Is 



oa>BP**»ft*>"f (ftifftb> csi 

KftfftBl 2©#«#£j^3 4#:M7>:74 4<D 
S&ft Lie < <ft£ 0 LH42, 4 5<Djgfttt£J:y/]\ 

«a»-et * y *# iTOfttsw c t-cj: y *#i**e 

. AMKMl*3 4«J:yXjtlC|t#$««C 

fctfprttic&y* *y % *a«:^>A*3WRriBicft*. 

[0191] «±£ift££:, *S6»«!c»l\r, 05 
4 (a) % (c) t*-r«|lcy-HlffittlcC8|»*E 

BLT4 8 - hut c s«r«ica^8tti ooBBpaptfft 
9 h tik&ltc s SUHzEB*- S«fc7 u-f «|Jtlz 

ifc L fc©* WJt t ft L^OD , J: y BffS JgT* * y 
[0 19 2] fil±<DCfc*#JlU *^JfiffifcKl>T. 

[0193] t = t siz^ixr. s<yft\m5 5|Z^^ 
*t*«r=E«LT^*« w«t = t 9 reft y, ise 
l-***i*«fttt»c»»u *<D«t = t i oirft 

[0 19 4] H5 8K. ±^Lfc*llcK>ffe3&<«;l,tfc 
[0 1 9 5] 058 (a) - (f) 0MttBtMl|* % 

*SEI4tt$^SS(Z)3feiSii$jb< i 0 0%-e (i4 2#f) 

=& ^ * h y-T *- KO)S*H A<B 5 5 L T 

4B|CD#a*®A<ait4^g[$ 1 0 0%tjE«<bL#fi 
3feB£B#79y9? h 'J 4 y^X 2 9±!zfeS^B8g 

[0 19 6] B5 5f^If^«-^^h^*--K0E« 
A^. *r<D7*hy-f^- KS*HI=«*Ba (1 0 
0%) ^A»SttT^SOA<«« 0 

[0 19 7] ^0)^>$fc1 5tt. D5 6[C^$^^& 

G4± (^ffifZttG4^i;C4±) (D?7f>7hU tt ; 
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*X 2 9 f«A, B. C&a&Bf*X:£[Sl 

^Thu ^^x2 9o>iB»**#<aitsfc«)ia5 sic 

t = t 8~t = t 9lzJSl^TftftS*HSA<* 
#<«TLTl>&„ D. E, FftSafeHliY^fil 

^ThU^*X2 90>B»*ftltlC< <H5 8l^-r« 
|C. t = t 8~t = t 9 IC»t\T«« JtBa^tt^ t« 

[0 19 8] 5f£^5 7K;jt$;ji3ftg 

&o *0>B£D. E, Ffta3KB(iY«ffllc*BftlWtt£ 
LTl^*fc«K flHHtS4« S3, S2±0^77{?7 
MJ'^X29 <7>8£3?£:*:g- < ai+«fc«>B 5 8 IC^f 
*$|C. t = t 9 - t « t 1 0 IZjH*Tftfi»BJfc&<*£ 

<ttTLTi*«. a, b; c&a&Btex^fti:: 

«ft^«Sft*LT^«fcft, <i^MS4, S3. S2± 

fw^fltlC, t = t 9-t = t 1 0IZ»^"C<fr«S*IH* 
tft^l:ftTLtl>5o H5 5tB!5 6i:H5 7^e>ia 

[0 19 9]*fc, t = t 8~t = t 9!Cftlt6ffl»BB 
«©lfct6^T, BB%B04B#B&S<b<DAl::Aa 

Sfel 5tftt»Mi oltYupJWKMLtW* 
Ydown*|6|IC»»Lr^44M=J:*o ft1f&6H5 

9 * 6 C R3tH*<»* jfi < *0>*t BS*®*<5S < 

h'J 7^X2 9frb A»3feS3b«tSE<*0!)*lC 
BftftHA<iS<*©3felzc*3feB*<ffi^6-Cfc-5o £ 

ot\ BS«TO«ttUEKiba>*i:AWfeBa>«MM 

P*lRllc»«lLr^S»T-fc5p t = t 9~t = 

t 1 0l=»H-S«l#!HflKD*ftl=fel^ Ea3fe®tf>*§ 
»BB**fcO)*lcD»3feH. Fa*B£%&flMB*«H£ 
*<»b-r*AM*. 5#^M£ffil 0±VX u p 

*BlfclMiL"C^«3^X d ownMCnLt^M 
Iwcfc^o fttf*6Bl5 eiCJtet^T. ^>&1 5^Xdo 

E, F#S3fe®^6Xd own#ft<&ftfciSl*&ft#SI 

»tiE<3felCE»*BT»fcy*rcDa*B"efc«o £fc 
HttC:* <<>$fc1 5yXupMlc9>tSM. D. 
E, FftS*ItD, E % F«.ftftB^6Xup^R|© 

fey, Da*B^**5E<3feicEa*B-efcy*icFa 



w n *fiuc»»-rs»^*-f Fa*B©ffi**8BaSE'lb4< 

ib c y *ic e a%B®4ittB&&<b*<j& c y mz d a& 

MWSSWic^ot'fe^o Bttl;:* 

x u p*enc»»f *»**-TDaftB(Dffl»BaaEft 
* e z y *t e axBo>«MBKKibtf s z y *ic f a 
3teB(D»B**BJt»bi<jec: sco-efefto 

K*<£«»B1 0±|zEB**ifc»©#a*B<DttitB 
[020 1] ±T*IrI (Yup, Yd ownSlfij) £J£ 

h*r-f Fafta&BfttHMffC* «- 
a*Bfc#a*B^6 Y down #A<Dft*iElt<fry- 

h«*-t?a>EBS. #a%Bfti=n«:«ttrcEaL. n 

«fc#83teB£#a5feBfr&Yu p*Aa>**iffltl*&<5r 

[0202] fifrfcA (Xup. Xdown^A) 

hy-f*— K0#a*BO)fiLBB«*. €• 
asfeBtftajfeB^ax d own*fil(D»taSl^«# 
B*-C<&B**. &aftflSfc«&$:|tl;:EBU Btt 
l-#a*Bfc#a*B3&^6X u pAAOB&iSlMMl-V 
3i$-e<DS§j!I£. &ajfcB&fcA&«ttlcEB?«. J: 

■S-CD^-e^Vftl StfXupSAtXdo'wnrfrA (Y 
u p^lplcb Yd o wnjfil) <Z>t # %6lC»liLTL^3^ 

1 5^Xu p^Ad: X d o w n*A (Y u p^lnji: 

Ba>«AdttiiijK3btqrffirc«:y 4 ^>a***«b<db 
»fi/JMb^*«tt*«o 

[0203] ^59 (a) ~ (f) [C, U58[C^^tl 

«ttft«S«B0flNBBBmK1b«f£ i:feB»0)%ffi4» 

Sft»3 4fl>HJ* (VA-VF) OWIHKftS'St'o ft 
fc\ 05 9 (a) - (f) ©«ttt«*B#|HttT?feyjSi||4 
tB*OS^M^l 0 0%, «/hB$o%4:Lfc»(D*i» 

tt**»LtU«„ 15 9 (a) - (f) IZfjki 

^^^ICVREF1$|S£-r§t> UK;^>^hfl4 9(DB 
ft*^6W&A^a«IZH6 0 (a) - (f) f-TFfV A 
0 % VBO. VCO. VDO. VEO, VF0A<»6*l 

i. B60(a)-(f) £m*T«Ml**Mtt-efe 

y, ««f*iE^^-ro 

[0204] 06 1 [CgleOlZ^^tl^^ftVAO, V 
BO. VCO, VDO. VEO. V F OA^#^tlfciS'& 
a>^>J7iMI-9B±B6 0 (Hi 8) (Dn^ttjRA^ft 
&*14B# (VYdown. VYup) J^f 0 H 1 8 

[0205] H62ICH6 1 fC^**L5«ftB# (VY 
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down. VYup) tfftbtlfz$i\Z % H2 2©/<7b 
)Um^m±UB 1 frb?#bft$M-*§- (DY13 . DY12 , 
DY11 % DY10 ) £03 4<DY««fcffl$3 9fr£*f& 

(DY3. DY2, DY1, DYO) ^"to 
[0206] I16 3|C|l6 0[C^£;tt&*£&V AO, V 
BO. VCO. VDO, VEO, V F Ot^htitz^m 
©^U7^«*4» (Hi 9##) aafMtllfr&ft 
b*l&f§# (VXdown, VXup, VXdown 
3. VXu p3) Zftto 01 9^&W&^ft«l=H6 
3(DIB*W&*LS 0 

[0207] H6 4^H6 3lC^S*tSJ»3S:«# (VX 
down. VXup, V X d o w n 3 , VXup3) A< 

mztitzmiz* /<^uji,tt4MS£tt (02 3) 

*l£<1# CDX13 , DX12 . DX11 , DX10 ) LXfeU 
«tB»3 8^&#6tlS*# (DX3. DX 2. DX 1 . 

DXO) %7Fto 

[0 2 0 8] ftfc\ *jH6«a>H5 8atf|l|5 9lC»t> 

«#u*36<»tr z&T+ommt. ^>A*f/^xi 

hy-f*— K*fefflLfc»*(*«1 0/i s e c 

// s e cTffcSo Sot, IS5lZj|*L\T2 90Y^fS]S 
W2 90)X*|pjg$3O/im, 1 B*lcj&(+5«.*fe 
i©YSifi)fl)l$$2 7 0/im, X^IS](DS$^7 0 // 
m£U *>ifc1 5^H^SS1 0±T*X*^|C 1 fM| 

100 //m* 2 

fcfty, 3 0/fm^it5OI:|ILfcSHt (3 0) 
t (30) =0. 3/Z I®] 

tftSo tot, **»«lfcisi\rH*»t?*Siifci 

[0209] t (30) >30//m 
Z < 10 0 0 0 

(fib, 7* h h7>2*X*-£ttfflLfc) 

#2WiE«fta«i-e«-DTL^Hy, »M:a>ttttictH% 

[0 2 10] ia±IC^oT. 5 1 0 

m\z&mztitzo 

[0211] t = 1 1 - «>$ttf®4o<om\zmm$h 
[0212] t = 1 2 • vftfttotommmsmmo 



[0 2 13] DY03 =Low . DY02 -Low . DY01 =Hi 
gh. DYOO =High 

[0214] t = 1 6 • x*fo<D®mmm%mm 0 

[0 2 15] DX03 -Low . DX02 -Low . DX01 -Lo 
w , DXOO -High 

[0 2 16] ft»DY3 -Low % DY2 -Low , DY1 
-High, DYO -High 

DX3 =Low . DX2 -Low . DX1 -Low . DXO - 
High 

^ftttiSft. 3>hP-;uS}J7(*. DX . DY ^Sif^E* 

tiizmctzvoz&tio mmt*iittmvttnmmzm 

[0 2 17] t«t 9 • YMotUtMHl. 
[0 2 18] vmmit, DY3 -Low. DY2 -High, 
DY1 -Low . DYO -Low 

[0 2 19]«DY3 -Low. DY2 -High. DY1 
-Low . DYO =Low 

DX3 =Low , DX2 =Low % DX1 -Low , DXO = 
High 

«ttt(H&*U 3>hP-^SP7f^ DX % DY 

tiic^cfcvD^ai^o m$tozmntfmm$tmz& 

■h (IftK^ifcS) £ft<5> 0 

[0 2 2 0] t = t 10 - X#ffl®»lUKtttfl. 
[022 1] xmmit. DX3 -Low, DX2 -Low, 
DX1 -Low . DXO =Low 

[0 2 2 2] ffi£DY3 -Low. DY2 -High. DY1 
=Low , DYO -Low 

DX3 -Low , DX2 -Low . DX1 -Low . DXO - 
Low 

a>hn-;i,S7f4* DX . DY 

*i\zmctzVD%mi3 0 mm zhtz&mtf&wmmza 

[0 2 2 3] J2l±8WlLfcJ:5!C % 

fcSttS*. iigI1O0f6l3Oi:^7^i7Vh 
'i'^X29 (Dilii^^fC lotiC «&3i*ttflSB0> 
«**Mt*l=«feoTttfflL. <<>5fel 5A<a*SBl o 

t<imm\z'<>&'i 5<Dmm&mm*?isv 

ttffi-e#. t0«fl£**TFT0)llitli6O*lCU#**L 
[0 2 2 4] XffSAtf»l»m^ffi6^> 
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1 1 oor*^>A*«^«Bi!fty. w^mmmx-wtw 
Lfc^>A*i^nooo (Eh#si) trnxmiz 

YI*^>AA««*«1 1 0 0<DX&tfY«ji5:*j-efc 

[0 2 3 8] H6 9lCjtel^r. 170l*DX, DY«f 
frb, «tt^>35^>A*tt(BlclS^'Ca^*«±t?» 

X, DY*&, ttffl^>36«^VA*tt»lc»^TaE*3t 

JU**U DXV«!:DYVt^>^gSlO' 

2f*1 70M1 7 1^6(D«#lcair5^T^>A*3F 
Mtt1 1 0 0*f*6©fl»**|aELT, &m'<><D&m 
*«±T?Offi«*«-rttjE**tfc«#DYC r DXCJ 
-^>Aft»«8«1 1 0 0fCffl*-t£*tIEgflT:fc$ o C 

[0239]B70|:*«8H0' ateH****-^ 
9*;HtDX (DX6, DX5, DX4, DX3, DX2, DX 
1) . DY (DY6, DY5, DY4 t DY3, DY2, DY1) £ 

mt. m70izm^x, itt^aB&o&ttSDx. 

DYVTjzttDX- (0, 0, 0, 0. 0, 1) , DY 

= (o, o. o. o, o. D ttz&o ~m&±<Dmm 

SDX, DYX?fftDX= (1, 1, 1, 1, 1, 
1) . D Y= (0, 0, 0, 0. 0, 1) btSi&o -# 
4Ta>H3|l<DJi«* DX f DYt'ftihDX= (0, 

0, O, 0, O, 1), DY=(1, 1, 1, 1, 1, 
1) fcftfto -*rFfl>ffi«£DX. DYt'^ttDX 
888 ( 1 . 1 . 1 . 1 . 1 . 1 ) , DY= (1, 1 , 1 , 

1, i. D fta>nRic?i\Ttn«few*-e 
SY*fttt6 4ii*a)*^««-T?fcSfl)-e. waufc 
5$Mtt'ii*hSo &fe\ s#sbi o' (on* 

1MXI*3 00/lmX300// m"efe^ 0 
[0 2 4 0] ia±<D#*<DK>A***«lll=»t>T. 

H7irc*f*ic r i j £###A*-TSo H7 2iz^ 

0««ttlll4tftJlft«»6*T5»y*t'< % *<D±, 
^>AA«*«0>*BI*fl**«l*A*La<Ttt 
&6ftl*fc*, '<>A*«**«lcfl6flB-r-6ttHl^>fl!> 



»*(tflr=:6:*Scfcy*#3S:Hlllcfta 0 J:oT, 

«icfejt*^>^hf-Kttffi«pi 70. <<7b^mm 

(MM 7 i % MIESP1 7 2#ftltW4, ru £A2iL 
fco*y-c*„ B7 3icsK*i*ft ru 3WA***i** 
B7 3ic»ivc % &K?>f*ft*SBi o' (01 
H***Lrfcy. «ft-c*s**ifcB*ra:^>A*r= 

«bora«!**ifciB**«LTfey. *B*fc*»4uu 
i§DX, DY©fH{SI4H7 0'e*LfcayT?ib« o c 
CTr, 17 30*3lc#6*ifcam^S?*jHt#DX t 

dy 

[024 1] H7 4IC, H7 3 0)»*fZ»6*Lfc7 s e?* 
M*DX, DY&M^^mt*^. B7 4fcfclt 
*ttUB*Htf*, ¥##A*Bttfr&tfWlS£l*M#« 

F»t«LTfey. fa7 4-e«**Lfctttt*MIHPB Clm 
see) (4, ^>A**^S«flD^««ttJlwfelt5«[ffl 
#MI : IMMVMB^M a r . 19 2 

0 4 Vol. 29No. 3 r^ftgBgflg.g.£ffiL*fe*- 

l=*«k*A^ 1 WmCDsOmWr-* (DX, DY) * 

[0 2 4 2] B7 5IC*>*e-KttHJ«1 7 0« 
^t«B75©1 73, 1 74. 1 76, 1 7 7, 1 
86, 1 87ttD$^?7'J V^7D^^fcy**ft 
*1fttTC74HC574tttfflLfc, 1 8 1 I*??? 
7-tffeyi 8 2, 1 8 3, 1 9 2l*-f T?& 
y. 1 7 5, 1 7 81*3 !W<U-$-T?&y 
IUC74HC6204^ML/: o 17 9(4#BJI« 

Mhffey, i BottMRHB-efey, 18 4, is 

5l**l'5>*--ei6y*aiJK«-CliTC7 4HC 1 6 1 
^ffi^Lfco 1 8 8l*2^-^>*;UT^^U>7^-r* 

*y«*tfTC7 4HC4 0 5 3^1tfiltUTtifctV 1 

BftflllitT?fil*o ftfes £ 1 9 2l*/<y77l 

[0 2 4 3] D7 6ICK/7 h/UgMbttfflW 1 7 1 (DttJS 
1 9 0I*K£ h;UttttJttT?fcy, fy^ibf- 
£DX, DYAv6tttt^>lOM^ hiUtSWBLT-i- 
PyBfUfcSDXV, DYV^fflAj-tSEIteT'&y. 

1 9 1 {**£ hiHfctt»-efcy DXV, DYVA^6»B 

fey. WA<H i ghCDWWBK^h^tjKflsLfcct 
[0244] B7 7tB7 3|C#l6LfcttU^VO»» 

n^nofcrnz^to U7 7ic*5it*v 1 ~V8 
a>*ai±tttt^>«)'<>jfe*<H7 3±-e^0^Bi*eia) 
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[0 2 4 5] H7 8I4DX V, DYVlf h 
^*fiKDB8«**LfcHt?fc*o ftfc\ DXV, DYV 
tt#l43 U^U (High, Middle, Low)<D 

[0 246] K>xe-K*H1*1 7 0<D»^6BI7 

3»tf 1 7 6lC*or*^P^*aMlfcDX, DY#» 
61 D7yy?7P«;?1 74, 17 7lCj:oT1* 
□ y^BfcfcDX, DY^I^Wc 3>/^l/-^17 
7 8[ZcJ:oTD37U *;?7Dt»?1 7 3 <h 1 7 
4tf>fcti:*j&tfD;7U 7^7P*^176^17 70£li^ 

ItH i g h^<ii5^$^^ 0 1 8 4, 1 8 5T?fj:3>/^ 
1 7 5Rtfl 7 8fr&H i g h**Hi*Sftfc»;ftjf 
<DH i gh^H3*aFtlS*-C<D«BIHa)CLK1(D*D^ 
hLaj*-r«„ 1 8 6, 1 871*1 84, 

i 8 5 i 9 2(om**^oy^i:Lrayii^ 

«»t6o 87 91:1 8 6, 1 87£0M^ 1 Oit&T* 

£ffi^tfto 1 8 6, 1 8 7CDajAI4^ffi^>(D^Kj 
aSS^LTfcy, 1 8 6, 1 8 7(Dffi*A<4t?**l« 
1 E***>*rt<«ffl5G>l::4 * Uyt^LtzZb iztz 
5o iot, ttMfltlit^ 1 1lit-f 0 0 k 
m* 3 00^mT?fe^CDtf. »»8£f43 0 0 jt* m/ 
(4T) fc£5 0 ftfc, Tf4CLK1<DJB«£iM- 0 1 

ft#£<D«l;:»tt4*v-T? 1 B£««KD«Ettfi<*ft«. 
**te«T?(*1HtRI*jE*»r'ft*fc«)^ VI, V3, 

OOjUm-C&y, V2, V4. V6. V8AMf3Mk'*' 

ts *S8*fil^f*1 8 8*ttoT^>5fe35«fc # a)*lRllc» 
BLfcAM;J:-3t, 186, 1 8 1 [zmfr-fttt 
ftX.TL^«. 1 8 8141 8 0(DHJ*^H i ghOttch 
1$ISLs 1 8 0<JOas*35^Low(D»c h2*a«1" 

5. 1 8 0#H • ghfC3&5^>jfel4V2, V4, V 

6, V8^|S](C^i!iLTtva o *Hffi#jT?i4c h 1 £ c 
h2(DMch1/ch2 = 1. 4 (10||^Lt 
1*5) l:iS<ft5«KSLTfey, 1 8 9a)^WlHlKTr 
1 8 6. 1 8 7<Dtt*l=«*"fltLr^*. ««n»i 

8 90ffl^Si7 9l:fvf o ***fllTf(48U:fl!)*3t-<? 
&Siag£^tt5 LT l**<DT?B*(Dflmfcft# LftlVE 

*4»»aft*ttar**stfcticia7 5fc^«ic« 
«&BBftjft7?&B£ft«ttuwB-efe«. ft*>\ 1 b 

*<D1M X# 100#m*33j/ m(D3»fC«3!r»a)*$ 
<h Is] life 1 B%0> JtMXCft CTS&ftfcftffi 



*><D»»»si::B*-f itt 5 d t t? j: y mvsmai 

[0 2 4 7] HMfttBtfl 9 03^6B7 9t«-r# 

ft** h^*Hi3Stf»6l HWfc«»i 9 1 iz^o 
TH7 9lc^-rvV35tf»64i5 0 Hutt&ffln 9 1 
I4DXV, **Hl^fcLfcBKH i 

gh^m**T5o ft*. ^2 Hb*<V9<D«l4fl'<$ h 

9 l7?(4V9$fr^ h;H:lJS^MS|ra o ^ 
b/UJt»1 9 1 l«W!4mse c ^ftfc* 
£ h;i/£V5«t LTftlvfc|flB#|«5rns e c~9ms e 
ctZffl&ttoz*'? h;U*V5fcL-Cftl^tBI*IBl 0 
rns e c T*^ttJ ^tlfc^ K/U&V3 t LT»yftlV 
h^»b36«4i:fcB»B7 9fC***t-6*fZH i gh 

[0 2 4 8] B8 0(CMIE^1 7 ZOm^^to H8 
OO&ffiH&ttl 9 214* A*JM:SfSMl^t 
<-r*fcftB8 ia)*lctt«BB-r*. ftfc\ Ds' , 
W . DXV , DYV , DX' , DY' 14192 
iZjz-oTtiLW&ZtltzD s. VV, DXV. DYV, 
DX, DYT'fo&o BB«1 93(4. DX' , DY' 

bSit^f-^ *B«-r**fti4JsiTa>ayci55o 

[0249] (1) Ds' fr%ftt>tl&®Wl&&tfmm 
(W =H i gh) s WDX' , DY' 

(2) mmr&wmavnam&TSvn** h>u <dx 
v . dyv ) £Mtt*a»naa&tf&M't9 hu 

»0»»B*J:y*Btt*ttftfl!)DX' . DY' ff-jr 
[0 2 5 0] fil±rc«koT#6*LfcDXC , DYC 

£08 1 iZTTsto 

[025 1] ckoT, f&AAx~*T'fe5DX = (0, 

1.0. 0, 0, 0) , D Y= (0, 0, 1 , 1 , 0, 
1) mmttltztf. IE^A^x-^r*fc5DX = 

(0, 0, 1, 1, 1, 1), DY=(0, 0, 1, 

1.1. o) tsij^sttTL^ofco ^mmmvitzo 

ftftSBW-rsfcft. dx= (o. o, i, 1, 1, 

1 ) , DY= (0, 0, 1 , 1 , 0, 1) tDX = 
(0, 0, 1, 1, 1, 1), DY= (0, 0, 1, 

i. i. D B*B»BB***-**ffo*Lc*i*D 

xc , dyc izmtohfri*z> 0 C*llzj:or»6*l 

5DXC, DYCr-^Jl8 1 Dxm, DY 

mttlft^ttlBaFttfcT— *"X?fcy, Dxm= (0, 0, 
1 . 1 . 1 , 1 ) , DYm= (0, 0, 1 , 1 , 1 , 

0) v&£o ftfc\ «l^ttHtl4B8 2fzgttay, B 
a>tof+fc»»*«*EB^oft«r5FJl**BiE-r«tfl!) 
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[0 2 5 2] ;!n\z*%BMiz&$>m4mMmZe&W?&. 

ma 3 i±*4£ttfli=ft«<<:/A*ssttB®ttjft£9 

[0 2 5 3] H8 3fZ»l^r, 1 9 5I*«tftK*atL. 
1 9 6ttjgttK£SU 1 9 7(igtall 95±fZlB® 
*ftfcmii*«U i 9 8l±«tKKi 9 5±lciHS* 

«II*^U 2 0 0l*JStftKl 9 6±fCE«S*Lfc?(« 
JB*«U SW1 MSW2|j:CNT 1 T?*J»**i4X 
<^^T*feU, SW3&tfSW4l£CNT2T?$lffl£;h, 
SX-fvftty, 2 0 4l4-5E*E*««StKlzttie 

2 0 2 f£«M 1 9 8 &tfmj> 6^6rtny 

0«ft«#T*ttffi^>2O5<D»*3ffl:1 0' ±T*0fe 

«*^LTi*«x*ra«#£Y*fl«#£. *>i=-y 

Y' fc-MvfifcDX, DY©-rv*;U*#l=*»TSA 
bfiL 1 994Vo I, 49No. 1 2J ftiftffc*. 

hibftrt cx^rSK y*S) flSiStei] 

8 3 

[0 2 5 4] B8 4|C*||ffi«|Ic&^«^>ffi«tttta) 
HS^^-To i84 (a) |*1 9 Bt 1 9 60}§#£j]gT* 

^>A*«»»l=«tftK 1 9 5 t 1 9 6 «MMk£ttT 
fc<f^(DX^-^fe5 0 c<D«i:: % jgftKl 9 5<t 
1 9 6jc«ffiK>A<E*ftiPK.rft^4:atftKi 9 5i: 
1 9 6tt*«ttJRJIt«-3T^So 
[0255]i84 (b) It JSttBtl 9 5t196lZ 

&aj^>2 o 5^E*^jjDx.ri^ttjgf m? m*c& 

y, c©1»lzttHi'<>2 0 5AN&<DE*^J!in*6*LS4: 
i&ffiKl 9 5<h 1 9 6»fttt«BlZ«« 0 *fc % &fcfc^ 

> 2 o 5 & E A MB A & tt r l> § ft ffi 2 0 

fl[2 0 7^a)na>«tt£R1 BfcU «*m 98^ 
mm«l2 0 7<Z)raa)Stfi;$R1 6tU 9 9i: 

*ftt^fll2O7 0|^CDgtn;^R1 9iU 200^:^ 
^>2 0 5<DB|(Z>8ttSR2 0t-3r4o 1 9 5 t 

»tH 9 7, 1 9 8, 1 9 9, 2 0 0t?l*C:cr)i/-h 

[0 2 5 6] ®8 5!C-f >tf~y>X^Sll2 0 2(D« 
j££^*to H8 5(D2 0 8atf2 0 9tt^7>^ , Tffc 

y, a*«#*-t ^e-y^xftsiLHijj-rso us 6 



ICSW1 ~SW4 0)flJ^£^1- o CNTItfHighb 
^H*SW1 f SW2l*t>ttl8tfcy, CNT1A«L 
owWSWI, SW2lit7tt«t?66o CNT 
2tfHighU^H»SW3 f SW4tt^>4Rfi-e& 
y> CNT2^Lowb^H|SW3, SW4(£:t7$ 

mx-fcZo cut i&TScNT2\tmzmi5tf&mav 

[0257] H87IC. 18 4 (c) <Di§£tf)^ffi[|jg& 
%7frto MB 7 (a) liCNT1=High, CNT2 
= Low0i»^¥W^Ltfcy, 9im 9 9 

^tfeicSE^BPioS+irfe^-rmm 97tovtf 
1 9 8ic5v*<H3ira*it"ci>*„ tot, 6ommt5 

*R15/ (R15 + R16) ktZ&tztbX' =5 * R 

1 5/ (R1 5 + R1 6) T?j&5 0 0*y, ttffl^XD 

[0258] 187 (b)HCNT1=Low, CNT 

2 = H i ghO)ig^(D^aiIK$^LTtey % mm 

97»i* 1 9 8iciE^*D$*iTfe6-rmm 99 

KO V^6[C5 VtfB3ia**t-CL^6o Sot, 2000 
tEttSVi&gfettX' =5VtW 0 *HM?ljT* 
I*. X' =5VO«^Ctl$^>OXS , fiia)&S^-r 

[0 2 5 9] H8 8IC. 18 4 (c) CD:«-&<D$£{i[5]g& 
18 8 (a) ttCNT1=High, CNT2 
= L o w<D:$&0^ffi[H]f&£jF LTfc U , mil 1 9 9 

atf6izigE^H]»D3?*irfc&"rmm 9 7icova< 

1 9 8fC5V^BPjD**LT^So ffior, 19 8CDmE 
te5V1?fcy. Y' -5Vt«. ***«-ete. Y' 
= 5 V0ift^Ctt^^>COY^fpj0e:a$^f 7tP^ 

MfcLTttyfefctti*. 

[026 0] 088 (b) l£CNT 1 =Low, CNT 

2 = H i g h0»£(D»ffiHB£SSLTfcy, |||g 1 

9 8rc*E3&«a»D4*trfi6-rsiftm 99 

ICOVA<2 0 0l=5V^gj*P**lTl>So SoT, 60) 
^El*5 Vtfc&fc&Y' =5*R19/ (R19 + R 

20) tfc3 Q o*y„ »aj^><DY*fla>tt«i 4# 
[0261] isi±(d«ic, **»«-ci*isiTic*-ray 

CNT1=High, CNT 2 = L o wCD*-g- 
fcU*><DX*fi0tt«*7*Dyfl»±: LTfctHf* 
CNT196=High, CNT1=Low0J|& 

»6*lfc7tayW«A/D««g2 0 3IZ«J:oTx 
«**JHI#DX. DYfeJSW*. f5*MfDX, 
D Yf*08 3<D"t>Xtf-» Kttffiffl 7 0 % 
<b&fcfcifii1 7 1»tf*|jE«Bl 7 2lcffi^$ti, ti&Lfc 

[0 2 6 2] fiLtCDay, *»«l:*9t, AfelX^± 
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> a * r* ft « ^ > a * $3Mg&fi<sa $ tt 

iK : S2Ulfa~1 9 9 4 V o I . 49No. 12, B 

ttMATER IALS&TECHNOLOGY93. 
8) :7Uy h$f||Lfc^>AJlll$8I 

(#fti:^Sbtfa-1 9 9 4Vo I. 4 9 No. 
1 2. BgBPt77^ h/^^X-TX^U-f ' 9 3. 
BSBPftMAT ER I ALS&.TECHNOLOGY 
9 3. 8) ^ *Offi(D^>A*«^«« (fflf4- 
2838 1 9, #Hg2F4-2 9 9 7 2 7, 4#BH S F 5 — 1 
27 823, !$USfi5-1 5 20480, 
43 3 8 7, i^fJSF5-1 8 9 1 26, »BB¥5-1 9 
7 4 8 7, 6 2-9202 1, «Bg 63-29 

362 3) ft£icffljre*. ^ttjanoo'OA**^ 

[0 2 6 3] «lC*ft«lCj:«tR5tD«ttffi|$Kn-r 
[0 2 6 4] ±Efi6*(D7*T--r^hU v^xSft* 

E*ttttTJ-*«*«*y- htttf fln*ffl±&tfftllltt 
fc©fc«>iS*St*ttt*ll4!ti«ct:5i:3!i;ot6iJ 
(##*«: 0SBPt 77^h/^f^X^U-f 
1991-1 99 5) , Z0tz#). mm'Ot&WRtii 

M©«s*e*A</h* < a unit*: L-c«ms«E*</h* < 

[0 2 6 5] Hi 0 0©4 0 0B7L"f*Rtfc^ 4 
0 1tt4 0 0±|=E«4*lfci/«j3>|fcft« , T?fcy, 4 
0 2l*4 0 0±l=IB«**lfeCs«"efcy. 4 0 31*4 
0 0±!=E«**lfcy-h«t?fty. 404li400± 
»3lB«**Lfc«#«^fty % 4 0 5I*4 0 0±ICES$ 
*ifcH*«aT?fcy. 4 0 9(*4 0 0©#fi||C|B11*#l 

fcitmaMs-cfcy, 4 0 6f*4ootj#ftaiS4 0 9a> 

HfcaA$*lfcjSS»r*&y, 4 0 8ttS*tSJ£fi4 0 9 
±IZE«**lfc»fiJi"efcy. 4 0 7(*»m««4 0 9 
if-EBSftfcWlfiM-C&So 400-409W 

x< ^-7 h u y5xm&*mm%mtfLLTi\& 0 310 

l*l*U^><D*>*£jRU Cp gii^>5fe3 1 oh? 
-h84O30^i^L, Cpsl^>5fe3 10 
i:«*«64 0 4<D»*MSSL^ CLI^>*3 10 

«£^u v p\t<<>ft\zSE.c&mmmm&m*o ?- 

hBI=±C*«E*fls*AVg* IS §«ES 

fc*AV8ttttm*Ev P fl)«mift#*ov4:-r* 



fc. -<>*l:±i:§tffliEV p[j:Mfl<jf:OT£0ST? 
[0 2 6 6] 

Vp = AVg*Cpg/ (Cpg + CL) 
Vp=AVs*Cps/ (Cps + CL) 
cfcoT, Cpg (Cps) XteAVg (AVs) 

< +& :tt«Ev p * < t * c t j&tRitt-efc 

AVg (AVs) I47{7f ^^Dl^BEOOfcto 
a«IC*#<f *CtA<ffi*-r, »fcM4 0 1CDfltJIA< 
3 5 0 0*>^X hP-AajfCfc*ltf 4 5 VSStffll 

«te±a*Li\, cpg (Cps) (DttfiStJKjHdd 

[0267] 

Cpg oc eO*£g*Ghaba/dg 
Cpg oc eO*£g*Shaba/dg 

e 0 : M^ommm 
e g : tivxmmn* 

G h a b a : ?- h j£fg 
Shaba: ff *«« 
d g : X'yZ.omfr 

Cpg (Cps) £*c*<1*-&{Cl£, eg, Ghab 
a, Sh a ba£*#<-fS*\d g£/Jv*< Lfc<T(* 

lc**<f SCtftifaftTT. dg£'H*< L*f?TI4 

C400±t4-lcflitL«:<«:-3TL*9fett, dg£ 

LTI40. 3 mm- 1 . 1 mm3d<i$ Ll\> *— BEErT 
ttaK*&<D4<G h a b a, ShabatW, dft 

(4±asLfcayisc**-r*-r«aMb**Lri>«. 
cc-ca^w**- hftffl&tfli#ft«$B 1011: 
?F-fo in 0 1 i*7^f ^ ?7 h y -^xi««»is 

[0 2 6 8] Lfc#oT, «#l»Xtty-HlfcttttK 

><D»*s**^*<ayttu^>-ettia-r*ttiB«E 

[0 2 6 9] *£ffifttt % ±E»****LT«:S*ifc 
tOT-fey, ^>A*«^3*IKDJ:yjEa-CL^t«B^ 

^s^^scisgttt-r*. bit. *§m\z*& 
[0270] ®s 9\z*mMommm-\ izm&^xti 

**SSflt*«+o H8 9lCjfet\r, 30 1ttTFTiMR 
"CftyC*ll=«4MI (S1-S5) , ? 
-hlft (G1-G4) , CsS (Cs1~Cs4) , T 
FT, B**aA<E«**fC^a. 3 0 2teftf6]3M£-e 

fey, 3 0 3f±»B»«icE«**Lfc«fSjiiiaT-fcy % 

3 0 4I*T F TS«3 0 1 lcB*$i|lfeA#«rcfi|-9« 

BEtSUio^«ai4HUnBB7fty. 3 0 5I4TFT 
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mm o 1 icE«**ifcy-micy-n*mE*B«ip 

-t&V- HiMBHlBB'efe« e 301-309 t?T FT 

/<*Jlnr.f x:7U-f 1 9 9 1 -1 9 9 5 J 

3 0 6l4XB»EI»T?a&y, 3 0 7l*CsSHcCs*|«[ 

ajftffltttfca**'. 3 0 8(±*«»iffcy, fcBBffli:: 

«&5fc»E£#M6LTl*So 309 9l*«J»ajT?fcy % 

fctM&LTJsy* A«MBWiB3 0 4lcH:E8t^- 

hUffiKllslSS 3 0 5 fCf* E G %XmWimffi 3 0 6 UH$E 
X£CsBBlBB307|r|*EC* % X-f^sws 1 
-sws5l:!j:CNTSj, Xf;fswg1~swg 
4IZl£'CNTg&, X'f'yf swx1-swx5|:ttC 
NTxJ, X^;fswc1~swc 4lZf&C N TCf 
ttttLTt^. »M3 0 9l*^ai^>3 1 0^ 

*B&«**ttlft-rs title 310A^6«U^><D 

ffi*ttmrc(fe»)S:«^^#ti&$*irL^o eg, es, 

EC, EXI^tL-^ttx^/^^^V^Lrfcy, 
^7fsws1-sws SISCNTST^V^ftJffli 

^swx1~swx 5l£CNTxT?:t>:t:7*J#P£tU& 
*-f y^Tffcy, X^f-yf swc1-swc4ttCNT 
Ctt>t7flijlStl5X^7ftfc§o sweomfj: 
C N T c o mtt >t7¥IiSfl$tl|>X^ 7f t'fc U , Z 

0>x-f y^MLnmVom #2lcf&S&£*i& 0 5 0 0 

oi*»jsma3 0 3i=»ft«a»EVQoni zmmtzn 
maaBni!B7&&. 3iottTFTite3oi^6 

&$&£*l£&ti5^E (B1 OOCDVplcfcfcS) $&£U 

-r**a>-c, a6affi«ir=a«^>A«a9aa-eiia 

t Y*fc*n 8 9 ic^-fffi y ^StSo 

[027 1] H9 OKftX-f ??(DMtt* 

■To *aa«fc«*^>A*a^s«'C(±i 

Wifffl 't'tt swg 1 — s w g 4 , sws 1 — s w s 5 , s 
wc 1 — s w c 4 , swe omlitVL, s w x 1 ~ s 
wx5ttt7ltM 0 cfcoT, ll*<S^iZJ6i:fce# 
fclEOT-MUIBBa 0 4fr 6H*«afcT FT? 

swx1-swx5^t7 LT^§a)T?a^gg(Dli« 

yfflBlc»yx*^>BaatBMBIwiS:St swx 1 

*7«lfilw*S D YS"fi|^>ttaaai»BlcA*4:sw 



[0 2 7 2] B9 1lCXBBBK6 0)aA^'t. Xgg 
BBB3 06tt31 1 ~3 1 5<DD7>J 7?7P^?* 
6*U. 311-15fiCLK^P'^, STHXf 

[0 2 7 3] B9 2|CC8BnBB3 0 70>ajft«^ 
"*% Cs^$SHlS&3 07i±3 1 6-3 1 9(7)D^y 
7Py^6gty % 3 1 6-3 1 9{*CLK££Oy 

[0 2 7 4J B9 3CXH1SB3 0 6, Cs|g$l[IJS§ 
3 0 7(Dll)M*to STHXI4**««A«X*B|^> 

aaaHJ»!IHI=:ft«t 1 CLK»VH!C36:y. vxi- 
VXBtfB«VHrc««. fcf£U VX1~VX5l*t 
tl-^JlX 1 -X StDMalE^JFU VC1-VC4I2 
•e^-?ttC1 -C40WSE^to STHCSIil 
*S«A«Y*fiK>BaaffiJBMI=ft*t 1 CLK#V 
HlC&y, VCI-VCStfjf&VHlCfc&o V 

xt, vyTitmmU9(ommmx*. vxmx^ipi 
wwt'tto v y t y ijm^>mmmmmm\z 

H i g h U^t^MPIIi L o w ^t/tfe^o lsl± 
<D»fN*B9 1 &tfB9 2**&tB&]&\-efc4 0 

[0275]194 (a) |Z&&*>3 1 0 
©S 1 4&t/CS 1 3±i6«l=e«*ft-Cl*4B$3ft 
to *fc, C<7)B#(D»rMiI$|l9 4 (b) % 194 

(c) \Z^:to M94 (b) . H9 4 (c) IZ^tm 

y, -<>5fc3 1 oia«aBa>«*aMStf#«anic 

3 1 Oi0S^#S^, c psttfiffitK>jfc3 1 0 

>*3i otom&nmz. c P i of*BSi*a4:^> 

5fe3 1 oi<Djg£S*£, ogstty-htt&flBttB 
«t<D*g£®fi£, c I cl*»fejg4 0 7iBiJt®iI£<D 
«S«a>$. c s comMf!StS6i4 0 7 
^SS-tti€*t^Lr^5 0 (ML, 194 (b) , H 

94 (c) izwLTi^&m$umim$®M.%tef$.t 
saai«^6ii»ttft**i'ci^tt*aiji*^L, kscd 
aa«9LTiti:«iift*stt**4i6i\. Baa*:/ 
ft 3 1 oi«#a4 0 4«>aaa)^#iiLfeii*. ^> 

jfc3 1 Oia-tB4 0 40)ttMSH:B9 4 (b) IZtf 

to pst^^ mttc •a«®aa>aa^BMi 

«fcl*#SLTfcy, Cjft6lc-*a>/W7X«E#Bl 

aLf=ts^§**^>5fe3 1 o ia#a4 0 4ni=£c 
■So fefe, B9 4 (b) . (c) ic^-r^^af*, 

«#«-*t^>jte3 1 Ot©jtt*ai:$ % Csl-* 
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3 1 ofca>tt£S** % iiiSSM>*3io^0 
fl«a*a>«6M*. iBBBB£#itfta£a>ttft 

[0276] **u *mmmizni\x, b*ihu<b* 

WBfr&B*?9>*>y»BI=ftofcBT?x i #vl 
^&VHfcftS]|:«!ricSSixT, fl^«lilli&3 0 4& 
tfy-hlMMftlilBsos, CsJE»®»3 0 7l*±(S 
«»atf*y-m, 4c s ffi:vLeiS«o ceo 

E$mMtT&#tox#m*mmnm*3 o 4«v&xnn 

0 6 lessor t«*««EAWL-Sfz«fc*i 

Vp = AVs* Cpstotal / ( 
Vp = AVcs* Cpctotal / 
X SS&USS 306WCs EttlfilB 3 0 7 £igsj-t 4 d 

ti-«feor±i:*ttffi*Ei*ia9 5<Daytffc« 0 
^>3 1 oco-oifeA^BLr^-siiaRmaizftoTtx 
c 8*i=*E»b^±i:*fcH9 Biz** 

[0 2 8 0] H9 6ttttB«EfctC**E*ftO)*-f 
*8^£^*To 09 6(7)3 2 0l*V p£feliBl\7£9JU 

/^xmrcKife-r«x)iMt]EBBi?fty. 321,3 
2 2iwjr-««6*t#*^>*-T?fcy««.ii7 4H 
ci6 3*rft^. 3 23, 324tt7U yfjayj 

■e*UW»3 2 1, 3 2 2CDttl*SIEffiffi#1- 
196 |CS^*J««1 3 0 9 <D»tt£0 9 7 |C^?" 0 ft 
fe, B9 7-ei*3 2 1~3 2 4C!>aia*1 Odt^T'^L 

rt^*36«*»tt«»e^ h^*b*;k*2ii»'T?fc« 0 

VPI*SMMflIEEItt3 2 OlCcty 1 CLK£Df^M 
JI>Xlc3Efe£*u *^>4r3 2iatf32 2l4^y7— 

2&tf3 24|Cffi^-T^ 0 7U^77D9^323M:XA 
fij^^JBBtttUJBBTfA^Vp P *tH i g h 
*4>*3 2i«>Uft*aiyitoftlM^ 7*)vzf? 

□ y?3 2 4BYMK>l|tk|B||||t#OV p pit 
High U"<;Utf>8f;&^>$ 3 2 2©B**Sayji*.fii 
ftrf&o ^9ts 7'Jy77n?73 2 3;&tf3 24tC 

iCfcoTBfty. ^y^^^a^^3 2 3f*XS-fp](D^ 

Ysno^^Bii^-r^-* *jtBB-e 

l*F1=3, F2«2*««»4tl4*f % ^>$fc#s 3t 
c s 2fz««H**a±!ciE«**l"Cl^«*F 1 = 
2. F2 = 1#«»**t6. 0*y, "OftCDftSlCjfc 
CfcFI, F2(0<l36<»6*tS. H^Lftl^«»»3 
0 9t:Mif-^t*MF1 f F2(Dtob^>ft0 



«ES»*«4i:ai>fc«)affi^>3 1 oicksibe*^ 

[0 2 7 7] **J6fl|Zfclt*^>ft3 1 0£««ft4 
0 4t(Dj|8'&?¥*Cpstotal ('Oft 3 1 0, GHMS4 

>ft3 1 OfcCs«4 0 2fc(Dft£)&:lcpctotal ("< 
>*3 10, Cs»4 0 2J2in©Ba*iBLT*i:4te 

•<atft40oa)ll*(*BfcK40i i ?SSB4O60H 
SlciKEBHfcJH*. 

[0 2 7 8] Cpstotal = Cpctotal =Cps+Cpc 
+ C p I c + C p g 

cfcoT. I*tlStfCs«(0lEeft; (AVs, AVc 

s) ^jcy^ccattBEttHTdDfly-eM. 

[0 2 7 9] 

Cpstotal +CL) »• (5) 

(Cpctotal +CL) (6) 

BKBEB3 0 4&tKy-httK»iaB3 o 5l::i£oT 
l**. *BWlc«*^VA*B«»B-CI»±afcJ:yjE 

*«Baattaimefe«. 

[ 0 2 8 1 ] B 9 8 (C*3Ktt«]l=ft«S9KB$ T F T 
*fi«W^6*f=HS«1- 0 i9 8t^>*3 1 0A<S 
«S«±l-EB**i"C5»©«^-*«Lrfey. i98 
©**tt^>*4:B^B«fcfl!)ttttB**Lr^«. * 
BBftKSHiTB&Ba* *-ML Csj^o 

^XimQ&iZTjktm^), Ifll300//m* 1 0 
0/im. y-hfSBl 0/£nru fl«ltni Ojfiru Cs 

mm o^m"efc^ 0 a^B©#ma t ^>ft t <dss 
Ba^ifa)BB*- jTLT^-s^rccts. ftt? 

it* 

C=eO ex S/d 
eO =K£<Dg§®i£ 

ex =zi>^y^(ommm\zm^titzmm^<D^mm 

m 

=1 >TV*-*»*"f «Ba©BBt** < "T 5 z t r* 

[0282]ffiot, Cps, Cpc, Cpic, Cp 
g***t^*iJtKLfc»ftH9 8^6B&^ftttr= % ^ 

t mmmm. t nmmm t wmnmomte y BBi&ib 
<DBa«D«&yB«icjt-<Efflttrcjfii\fcto % 

Cp I c%10Cps=30Cpc=60Cpg 
C p s = 0. 1 f F 

T*fc£ e (5). (6) «£U;MW«lcfcivcttU« 

Er=£C«BEK1bAVptt 

AVp = AVs * Cpstotal / (Cpstotal +CL) 
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= A V c s * Cpctota! / (Cpctotal + CL) 
= 35V*1. ZfF/1pF 
= 42mV 
CL=1pF 

T'fc&o %&^lc3iaHlttVp«3 8mV"Cfcofc 0 H 
[028 3] (b) . 094 (c) ICj£lf&&fcB 

-oi:*^36«©«-*aia»iiattf*H9 9<o»y t** 

AVp = AVs *Cps/ (C 
= 3 5 V * 0. 1*10 
= 3. 5mV 
C =Cplc* (Cs+C 

CaflUDMt 

AVp = AVcs* (Cpc+Cplc/6 
= 3 5 V * 0. 2 3*1 
= 8. 0 5mV 

[0 2 8 7] cfcoT. *^!Cd:^S?l^5i^t?^fco 
[0288] 

[0 2 8 9] «*«S3K*M1 2. W>*X 

GAT?H*tf^^A<2 1 0/*m*7 0//mtf)* ) tf)«W £ 
4 O-fV^TflMStrv^tfe 3 0#rn* 2 

-eft* (Mfli o-r >5 L ja±fctt«ky*a-c. ^20 

[0 2 9 0] £fc, l^gSiO^^WJ, ^> 
*9S8BI**a-C*y, 8 0 h/^l5l±(D3Sa 

[0291] *t % «*tts±a)K>a)xAAo*ltJI 



fcAVs=VH-VL) t4W©tS«70-fO 
y*«fcLftlt*ltf. Cpstotal liiaTOttl::**,, 
[0 2 8 4] Cpstotal =Cp s=0. 1 f F 
Vc s3£VL~VH|C|g!j (CbMEMAVob 
= VH-VL) t«H(Dltt7D- r-f^^*«t 
Lftl+fttf* Cpctotal I*JSITCD«K3S:* D 
[0 2 8 5] Cpctotal =Cpc=0. 03fF 
*fc, ZO^CDVplC^C^^E^b (AVp) I*. * 

.ti^jsiToay-Ty&So 

[0 2 8 6] ftJHMBUH* 

p s+CL + Cp c + C ) 
-3 



lc)/(Cpl c + Cs+C I c) 

) / (Cps-f CL + Cpc+Cplc /6) 
0-3 

o>««IHI««*«iitt £an*4Httttti;: j: o r tttts 
Y*fiic*»ufc©^*y]EaicttB^*c4:3&^rtt-e 

[0 2 9 2] *fc, "«>4«*^**-b>*-<D56*ll3St 
$*gS±© X t Y fCUft o fc* 4 TJ * fc 

®) Lfc©fr Y^ffllC&M Lfc©fr J: y iEJtlctlffl-f $ c 
[0 2 9 3] *fc, /*>#**»«±|CK«i**lfc«I 

#&©-£. ^>A*-ftffl»*811<DISl:aiSft*<Rr«fi 
Mll#l=* e*»ttC©*UE£1t£«| jg L 

t\ ffi«$^ffi-rs©T% ii*itai=«^i=Bfa-r-5« 

>y*«)hf6o**»»#4*if . K«t8&**tttilfit 

wait? 

[0294] ^f => &mLtz&m%mm+z>zttf*!® 

[0 2 9 5] Sfc. «SSttd!>B*Wiftl=EKS4ife 
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So 

[0 2 9 6] £fc. Cs«$CBfiHM¥R*&ttyjt 

[0 2 9 7] J: or. iSHK, UftB-VftlMftft 

[0 2 9 8] *»ffla>»2<0Hlifil||=J:tl«. ^>AA 
3MII=»lt*'<>t**««0!)*#j6(qiEfcUT*'«>© 
3fc* V+J— ©a3feS©S»««l=»-r -5«It *< 0 Jtfr t> 

[0 2 9 9] *§ma>%3Rxf4ommmiz<i:iMt. m 

PI Cfr * L < ttMHett©»tt«a)El(MHt-r «ttlMr©8n 
y till^*, L < tt«^L(t*l«MI»tt©^> 
*«SMBL«:l.*©-c, ^>ffi#©AP4X^[c%,!:-r^ 

[0 3 0 0] *»ffl©$g5©3HlieiJICc):*il^ mm/Li 

<fctf«ffi«*i©3V>£<i: ! &-- o%ya~ -r-oWi 

^fcckt^c s&33£im®®i©-5 *>'>&< tt,-- 
yo-T-o^mizt. csjs$ffi«iLT'<>gs$ 
*iiJi-*BHHMife«ktfy- nafe«fci;»iai*ffl©5% 

^ >****««©#*« t * y 

[030 1] crofcto, »5*«|«iJI=J:*itt, fiifriift 
*^fro*tt*t«#A*T?*JlS6;t©Al.wf«*A 

[HB©ffiJH&K«] 

[Hi] *^IB©S-©llte®ll=^tJ-5^VA*-ft:M 
[02] H*ilSJB«i]t«ih)'5^>AA-{*fi«««S: 

©*u&0£*-t0„ 

113] ramiSJ6#JI=«*>-5'<VA*f ! /UX©Bi!S 

lo 

[04] Pl1&l§&l£«|::]tel+5^AAT/Wx©g3te 



[06] l^l^^^^fi«^l=^lt>'57*h^f-f*-K7■^-f , 

[07] HSg1lttfi#JI=fiSt>-57* h^-f ;J— K7H 
#*i§£ip-t0„ 

[08] B»i»*f|i=«t)-67i-|>y-f*-Kr^ 
«tiS$^-f0o 

[09] m%immmizmt>z>y* v^^-^-^^-i 
[010] mmimmmizmfr&^yAijT/u^om 

[01 1] PI^1^JE«iJl^t)5^X/i/XT-A'J-tr^ h 

gp©»fig.tth*ja;^&*-r0 o 

[01 2] W£l£ffifiHI=*bS3te«#£»»*E»© 

[01 3] H»lS8t«lll=^*)S74- h^^--K©!» 
tt^*-T0„ 

[01 4] n« i «ttfli=ffit>««nsttiii«©«)ft 

0o 

[015] nisi*iK«ii=ftt>eY»is)SikJitttiifti© 

Ml. 

[01 6] nttl3gftffH=ftfr&U*jU^7hfrDflfA 

0o 

[H i 7 ] H» 1 lt«H*5 u-<;ui/7 h«©n^ 
«iJS*Lfc0„ 

[0i8] pise i njfi^ic^tPi. u 7jwi#«±as© 

ttf£0. 

[019] pish &mmiz&fr%*s ij 7;mi#jr±h© 

[020] n»isnfl[=«ibs/</wx3fl-©-®i&© 
sa#^Lfc0 o 

[0 2 1 ] h» 1 simutffcs •> y 7JHt#»£»© 
i&#&*Lfc0o 

[02 2] m% 1 *itefiiji=^s/<9 u/ni^n^su© 

*lBE**Lfc0o 

[02 3] pffi 1 SUfi«HI=«*>*/<5 U JMI*ft±tt© 
«J«£jpLfc0„ 

[02 4] nftimkfli=fKt>«7;i/7y-©BIIMiiA 
#J£*Lfc0„ 

[025] wmimmmizmttZ/^ iwutt#j6±«© 

[02 6] affiKlKffll=ft^««imMttti)«©«lift 
f^Lfc0 o 

[02 7] mnSt*fll=fE*>«Y*AftjMEttN*aift 
rofltfi£^*Lfc0„ 

[02 8] Hfti»tftl::«fc«Y#AttH*«ttttt» 
©Mfl^LfcH, 

[029] us i mmm\z%b*3Lio±ff y x ^ v^a 

0i8©i&ft£jp:Lfc0„ 

[03 0] pq«i «ttff|l=ff^«x L 



31 



fc0„ 

[ii3 1 ] mni mmmizmfr&xmwmowiftm&m 

UfcH„ 

[S3 2] ®%imMmizmt>zxmmmmmm 

tomtit** Lfc0„ 

[B3 3] ®%-\*mmiz%fr$>xi3tom&mm® 

©»ft£jfcLfc0. 

[@3 4] nftixife«ii=ff43«YK««ktii«a)«iA£ 

*Lf=0„ 

[S3 5] nSl«J6ttf=ft;fc>$CstMKIta®*£« 
7PLfcS„ 

[03 6] HBlHM5#]lc^§CsiigKffii§S0Ki^^ 
5*LfcSo 

[S3 7] n«i Mk«n=«b«/<^nniHKa>n 
[S3 a] man mnm\zm>z>?- vmmm 3 <oss 

f^^LfcSo 

[S3 9] nsi gitei(=ffifc*A^BMtta>M*£ 

*LfcSo 

1140] HSlJBKflll=flto««*m±l=ttl*«'e 
V5fe0figf*LfcS„ 

[S4 1] l3SBl3l*«ll=«*?Sli*«aitE<Dd«-f 5 
>?£*Lfc0 o 

^^•TSo 

[s 4 3 ] n$ 1 mMmz&t>mm®m s e j rn>%mt 

0. 

[044] P^1||]!i#iJlc^S/^yr> ; 7'r h©fiS*di 

[045] nsn nmmizmt>&7* t>?4*- k<ds 

[04 6] TNJML BflTOftA. SSSSjg^rotBg 

[047] n»i«ttfl[=fle47«Y«n«iiiiaaittiii» 
©ift^S^t-So 

[04 8] HSl£J60|I=ttfcSC8ltHM<DII]:t)«< 

T^s^o0^@!a ; ET;u$*-r0 I . 
[049] n«i jiiB«!ii=flM7«xj!riiia»iafftttb« 

[05 0] MM MMMMrt 7? v9THJ 0X0 
3iiS*#tti::?7«;/£TMJ0x±©:7* h^-f #--K 

[05 1] H*iS5|g«l=«t)«5*hy-f^— K©E 
Sttfig^^Lfc0„ 

[052] mmimm.mizmt>%msi c a ) icjgits 

[05 3] HflSI«IC&5@5 1 (b) 
*S*iB®Sfttttl*:itLfcH. 



[0 5 4] RSKi »K«Hc«^«7l^'f3MS8<0«tjtJ = 
^7!<f7 H'J^X(Di5S^^Lfc0„ 

[05 5] mttlMtfll=fffe«S9£B±f::Kit«'< 
>5te(Ofeg§^Lfc0 o 

[0 5 6 ] mm 1 *]ffi«ijiz«t>sa«8B±i=igits^ 

>5fcOHig£5FLfc0„ 

[05 7] H*1||J6«iJI=^t>'5**SB±l=SSH-§'< 
>5fe(O{4S^SLfc0. 

[05 s] mm 1 attflic&b&&£XB<Dtt#fiiiK® 
B#ra^b$«ufc0„ 

[059] mnt^mmiz%t>%%m^mmnm 
[060] hs& 1 mnm\z%t>z>qt is'Oi'i'-? mom 
[sen mm-immenz%t>^'jrivm*»±»o) 
[S6 2] nan KitMi=ft4?«/^ ujHt««±«(o 

Mffc&tfYffi«ttfflW0>«|fl5£3P LfcS= 

[0 e 3 ] 1 safi«ic«t)§ -> u rjuflHHR±g® 

[06 4] H*M£lKflM=M3&/t7UJHt^£«|S0 
l&flFStf XJl«&ffi$<0»|fl;£;jt LfcS. 

[06 5] *HBJ(Dgf2©S|»Jimt)S^>A*7 : /\- 
-CX£*t"0,, 

[06 6] n$2£ftflH={E:b«'<:/A:l!lT/t<fX&i* 
■T0o 

[06 7] H«2S8*«=ttb**:/AAT/WX*S 
■f0„ 

[sea] nmzmmmz^^>xts9/uxm 
ts. 

[S6 9] *»iB«)*3a)gttt«i=flM 3 €^>A*T i /< 

[070] ra»3*ffi«IJI=«Sa^8«1 0' iDX, 
D Ym%0>M®£*?®„ 

[07 1] H*3SSffi«IJ|=«*^l:*A*©tt*$*f 
0. 

[07 2] nft3£lgftH=S*?**A4)a>tt?£**- 
0. 

[07 3] n*3£lMlCfi&*jBBl0ttXtfmt*ft 

[07 4] N*3%*fl|c{g«'<>A:l!>MT-*D 
X. DYtB#IHMfK$*-r0. 

[075] ®m3mmm\zm%'<>z. e-mmuom 

[07 6] E&33SJ6$l::££>«0 HUMbttlBgefll 

fiE^*-r0o 

[077] nsr 3 mmmtz&z®7 3 taws l mm* 
0 h;u^i6KD^e^*-rs„ 
[07 8] i^sissjtffiit^-s^ t-tismt&mmam 
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[B7 9J H*3*lft«i]lcfigS^>xii-Kttfflfflj, ^ 

1MB 0] l5im3^»llC^§«iESJl 7 2<7>$f££;j5: 
■TBI- 

[08 1] Pim3^»J[C^^ffiIEaJl 7 2<7>®f££73F 

[■8 2] PlS3^JS#ijics^*^0Ja)Jbm*^-rilo 

[88 3] *&w0%4mmmiz&%<<>xtimw.om 

$0 

[■8 4] 4 mMmiz&z* ymmmmommz* 
[S8 5] H»4*»flfc«*-f>e-y>^geas#8 

[08 6] HS4^Jfi#i||C^^ S w1 -sw4(D*JWl^ 
3f1"0p 

[08 7] ngS4|giG0j|Zffi&H8 4 (c) (D^ffi[US& 

£^-f0 o 

[08 8] m^^mmmizm^msA u) cd^«is& 
[08 9] #*w<D3g 5 mm ic« § >xt>mm<Dm 

[09 0] W*BS6tt«l=ff«^>A*lttl(DHB^- 
[09 1] Pim5*]i^]|c^5xEBi[plSa)«tfiS;$^-r 

0o 

[092] m%5mmm\zm%c smmw\m<omf&%fF 

"T0o 



[09 3] B%5MMi £&£XBnislS£:CsBgti 
[09 4] B*6*«i«i:ftt\rattiK>3S«*^aE«± 

[09 5] mnsmmmiztstf^y&mmmijm^ 
■j-b. 

[09 6] ■ff5%MM(zfeite^>jiffttu»a$$ 

■T0o 

[097] m%5mmmizteii&^mm&mm&$:7jk 

[09 8] n*6MfNI=6ft«7b^jME0)1Ktt* 
HB. 

[09 9] H«5AlkMcft(t%ll*MiO«MDKt 
«+B. 

[0ioo] ffi*«*»-rfcft(OHo 

[0101] ^-rfcfeco0 o 
[^<7>ift0j] 

3 0 

67. 68, 1 84, 1 8 5, 23 1 . 2 3 2-*'» 

73-73, 2 3 7-2 4 0»'7JI/7jT- 
88, 9 6, 1 75, 1 7 8-a^U-> 
8 7. 9 5—*-<r>^ 
DFA-DFF-7* Hf-f*— p 



[01] 



VffiTOP VtfSTOP 



1 

125^ l_ 



VDCPHS1H 

ft TT 



VbsVcc 

JUL 



S J ^J^J Lj /CsSi 

fm/mJm «/sw-i/i f or 




33 



[02] 



[0 3] 




[04] 
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[B5] 
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[06] 



17] 



AkO 




mm 

33 



Ako- 



Ckc 

B*3ffi DkC 
Eke 
Fkc 



30 



DftftI 

_RL_-J .... 



rAS*B 



0OOOO6 

AaBaCaDaEa Fa 



6 6 6 6 6 6 
AaBa CaDaEaFa 
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[Hi o] 



Vdd o- 



STV o-r 
CPV°H 



DX03 




-oVPsa 



n i] 



(a) 1 x SfeKSBA 14 



(b) 



40 



Vdd 



Vpsr{VJ 



Vdd 



QND 



Vdd , 



&mmt 



41 



-O Vpsh 
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CHI 3] 



Vb-5V 




— 10 



10 2 10 3 10* 



VaIVI 



QND 



VOFF 



1fl8 



1D3 



V B o- 
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V E o- 
V F o- 



11 4] 



3 7 Mffl&M 



4 8 
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-o D yl1 
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h> Dxu 
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-J 5 ! n lD * ..run. 
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-PL 



[Hi* , 
r n Low 



LOW 



!Hgh 
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[01 5] 



47 Ymmmim 




VOFF °" 



II 6] 



11 7] 



vao- 



Von 




VOFF 

Von 


| 59 

* T Vbo 



49 

/ 




Vao 

Vb 
Vbo 



~N 




/ 1 — 


Von 


V"V6ff""> 




Voff 




Vdo 


GND 









-VrjefI 





GND 




r 

Von 


Voff 


GND 


Vdo 







VREF1 







GND 


Vc 


Voff s> 


Von 






Voff 




-i 






Vdd 




Vco 


GND 





VREF1 



Vao 
v&q 
vco 

VYup 
VYdown 



JiSL 



[12 1] 
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High 



Low 



High 



LOW 



Low 



Low 



-H- 
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tdefiayt -< 



IT 
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[Hi 8] 



Vcoo~ 



3 

1 SW QI 

Cf^O— 



SW02 



,63 



VB0° 
High° 



7" 



Q: 



65 



CO? 



D 

i>CLK 



66 



50 



-°VYdown 



11 9] 



voo 




SW03 
SW04 



I90 Veocv- 
Hight>- 



I92 



Vxdown 



Vxup 



CLR 

o Q 



193 



1 94 



I/3 



-oVxdowra 



I29] 



STV 



2200)^* 



CPU 




High 

-juijijumnjij^^ 

Low 



39 



[112 2] 




40 



[02 4] 
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